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CHAPTER - I 
THE CONCEPT OF FLUVIAL MORPHOLOGY AND EVOLUTION OF DELTAS 
INTRODUCTION : 
Of all the processes that sculpttire the earth's 
surface, running water Is the most important. Whether by 
carving away relief ftatures or by depositing masses of 
erosional debris, flowing water acts as the main force in 
shaping the landscape. Thus geomorphology, the branch of 
physical geography that deals with the origin and evolution 
of landforms, has as a central theme the work of rivers, 
streams, and running water of the different parts of the 
world. 
The modern geomorphological studies show a greater 
concern with relationship between geomorphic processes and 
associated landforms. There has also been an emergence of 
sub-fields like fluvial morphology, climatic geomorphology, 
arid and glacial geomorphology, coastal geomorphology,etc. 
Among these sub-fields fluvial morphology, has gained much 
attention of geomorphologists and hydrologists of the countries 
belonging to the humid regions of the world. 
DEFINITION OF FLUVIAL MORPHOLOGY-: 
Fluvial morphology deals with the landforms produced 
by the action of rivers and streams* The term 'fluvial' is 
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an adjective of or pertaining to a river. It is usual to apply 
fluvial to the action of the river particularly its flow and 
erosive activity. According to the Longman Dictionary of 
Geography (Clark, 1985) 'Fluvial landform' means a relief 
feature shaped by running water. The term 'morphology' stems 
from the Greek Word 'morphe' meaning form, and 'logos', meaning 
discourse^ and> thus, fluvial morphology denotes a sub-field 
of geomorphology which studies the various landforms shaped by 
the different processes of flowing water or rivers and streams. 
SCOPE AND SUBJECT MATTER i 
In the scope of fluvial morphology the running water 
is the main theme of processes. The fluvial processes involve 
the physical interaction of flowing water and natural channels 
of rivers %nd streams. The precipitation which falls on the 
earth runs off on the surface, soaks into the ground, or eva-
porates back into the atmosphere. That portion which runs off 
on the surface of the land eventually collects into streams 
which continuously erode the land and deposit the material 
elsewhere and thus a major portion of the surface of the earth 
is being sculptured and changed to evolve as fluvial landforms. 
The morphology of a body of flowing v/ater can be 
percieved conveniently by considering its long profile and 
cross profile (Ahmed, 1985) . Long profile of a river or 
stream is the section or line which can be obtained by plotting 
the axial line of the channel from source to mouth. This profile 
includes the varied gradients in the different reaches of the 
channel, various major or minor knicks marked by cataracts, 
waterfalls or rapids. The line will also include lakes which 
may occur along the path of the channel. Potholes and similar 
other erosional features are also seen along a long profile of 
a river. 
Through cross profiles in the different sections of 
the stream the other characteristics of the river morphology 
can be seen. Such section will indicate the various character-
istics of the banks, the natural levees, the meanders, the 
width and depth of channels, the slopes of the banks or valley 
flanks, the braiding of the streams, river terraces, alluvial 
cones, fans and deltas, the nature of the channel floor, poth-
oles, etc. These features of the fluvial landforms are obvio-
usly associated with certain physical processes. The study of 
fluvial morphology involves a systamatic study of landforms 
produced by running water. 
The modern or recent fluvial morphology entails 
fundamental research in the description and interpretation of 
forms and dynamics of the evolution of fluvial landforms. 
Actually the present day fluvial morphology combines aspects 
of both geomorphology and hydrology to some extent. The major 
sxibject matter of fluvial morphology includes various aspects 
of flow of water in a channel, the processes of sedimentation, 
transportation and erosion of a stream, its hydraulic geomet-
ry, channel patterns, and the total study of morphometry, 
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morphology/ morphogeny and morphochronology of various landform 
features produced by the action of running water. 
DEVELOPMENT OF THE CONCEPT OF FLUVIAL MORPHOLOGY : 
From the outset/ fluvial morphology has undeniably 
remained a specialisation of hydrologists (engineers) and 
geologists. At the dawn of emergence of the subject the various 
aspects of fluvial Processes and products were studied alongwith 
the scope of geomorphology. The first initiative of a systam-
atic study of the fluvial processes was undertaken by J. Hutton 
in 1785-'95 (Thornbury, 1969-e) followed by J. Playfair in 1802 
(Miller/1.970-a) and Hitchcock in 1833 (Miller/1970-b). All of 
them worked on the processes of fluvial erosion and river 
terracing. By about 1860 Sir Andrew Ramsay and Sir Charles 
Lyell started to attribute more significance to fluvial 
Processes while describing the causes of marine erosion (Thorn-
bury/ 1969-b). The concept of river system and its geomorphic 
significance has never been more beautifully expressed than 
Playfair (Thornbury/ 196 9-c). In fact he was a dedicated 
supporter and follower of James Hutton (1726-17 97)/ an amateur 
geologist who projected the results of processes/ which he 
observed in operation/ both into the past and future. Hutton 
recognized marine as well as fluvial erosion/ but he gave most 
attention to the development of valleys by streams. In 1862,J.B-
Jukes (Jukes/ 1862) wrote an important paper on the rivers of 
southern Ireland in which he recognized the existence of two 
main types of streams and his ideas regarding the development 
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of streams have become basic in philosophy of fluvial morphology-
In North America Zittel (1901), Powel (1834-1902)/ Gilbert 
(1843-1918), Dutton (1841-1912) and Davis (1850-1934) vere 
the pioneer geomorphologists (Thornbury, 196 9-d) who worked on 
the many aspects of running water, especially on their process-
es and products. Powell devoted much attention to the results 
of stream erosion and Gilbert analyzed the importance of lateral 
planation by streams in the development of valleys. While 
discussing his famous 'The Theory of Cycle of Erosion' W.M. Davis 
critically analyzed the various erosional nature of streams and 
consequent landforms. Following Davis (1900), Penck (1920), 
Fenneman (193 9) and Hack (196 0) worked substantially on the ac-
tion of rivers and running water. 
Remarkable advances in the application of analytical 
and experimental techniques to the study of running water and 
its effects have been made in the past few decades. In 1964, 
Leopold, Wolman and Miller's famous 'Fluvial Processes in 
Geomorphology' appeared on the scene and gave a new orientation 
to the discipline ( Leopold, et al«, 1964 ) . They emphasized 
geomorphic process rather than the history of landforms. 
Although the authors did not minimize the importance of his-
torical geomorphology, they had taken a quantitative and exp-
erimental approach based on research they have done in the 
field and loboratory. Prior to this work of the trio R.E. 
Horton ( Horton, 197 0) brought out his wel-known paper on 
fluvial morphomeitry in 1945. In the paper Horton tried to 
quantify various morphometric aspects of erosional development 
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of streams. He contributed several more articles on various 
other aspects of running water. ,Since the first appearance 
of 'Fluvial Processes in Geomorphology' of Leopold, et ah, 
scores of valuable articles and books have been published on 
the various fluviomorphlc aspects and by now the sub-field is 
almost an established branch of geo-sciences of the modern 
world. Progress in both the applied and conceptual sides of 
the subject is also getting momentum day by day. 
FLUVIAL MORPHOLOGY IN INDIA : 
« 
Fluvial morphology has not received the attention it 
deserves from Indian geomorphologists. Most of the work is 
confined here to drainage basin or drainage network analysis 
from the maps, identification of the drainage pattern, and 
their tectonic control. As matter of fact, the study of 
fluvial morphology started to develop in the sxib continent 
after the appearance of Leopold's 'Fluvial Processes in Geo-
morphology' (Diksit, 1983) . 
In India geornorphologists concerned more with drainage 
patterns and their evolution. Here some authors, notably the 
geologists gave much importance to hydrography than fluvial 
processes. Chatterjee ( Chatterjee, 1947 ) wrote on river 
problems of Bengal and subsequently in collaboration with 
Bagchi ( Chatterjee and Bagchi, 196 9 ) on the hydrographic 
aspects of 'Adiganga Bhumi•. Kayastha's works on The Hamalayan 
Beas Basin falls in the same category ( Kayastha, ) . Almost 
all of these studies involve drainage characteristics studied 
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mainly qualitatively. They also studied floodplains in the 
light of fluviomorphic studies. Ahmed's account of the Indian 
drainage appeared in 1965 ( Ahmed, 1965 >.. While speculating on 
the evolution of the present drainage, he gives example of 
different types of drainage starting from the two major classes, 
viz. Dendritic and Trellic to Radial and Pinnate. His book 
'The Ganga — A Study in River Geography' does not claim to be 
a purely geomorphologic work. Ofcourse it contains aspects like 
river profiles, terraces, meanders and river regimes which are 
obviously of geomorphological in nature and scope. Although 
the work lacks analytical fervour, it gives an excellent and 
well documented introduction to the fluvial morphology of the 
Ganges Basin. 
In the recent years some geomorphologists and hydro-
logists of West Bengal have contributed substantially to the 
fluvial morphological knowledge. Amoung them Basu, Bandhya-
padhya, Kar and Kumar are worth-mention. Basu studied some 
fundamental problems of meander formation with special reference 
to the Bhagirati River of West Bengali Basu, 1967 ). Kar and 
Bandhyapadhya worked on micro geomorphology of the rills-
mechanism^ Kar and Bandhyapadhya,1974 ) . Kumar workde on the 
drainage morphology of the Eastern Ranchl Plateau and Burha 
Basing Kumar,1971 ). Kumar and Pandey made numerical analysis 
of small drainage basins of Hazaribagh Plateau Portraying their 
chief morphological characteristics( Kumar and Pandey,1977 ) . 
Peshwa and Desai, two other geographers contributed significantly 
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to the study of fluviomorphological aspects in India (Peshv/a 
and Desai, ) . Peshwa worked on the Son valley drainage 
in 1978 and Desai along with Peshwa further worked on the 
drainage anomalies in West Coast of Peninsular India in the 
same year. Sing discussed the drainage pattern in the highlands 
of Chota Nagepur by tracing their evolution and denudation chro-
nology i Sing/ 1989 ). Shah made studies on drainage texture 
around Rahatgarh in Saugar District in 1978 ( Shah, 1978 ). 
FLUVIAL MORPHOLOGY IN BA^ JGLADESH AND PAKISTAN : 
In Pakistan/ the knowledge of fluvial processes has 
not yet gained much importance. A few research works have been 
conducted on some hydrogeomorphic aspects of the Indus and other 
important rivers of the country. In Bangladesh/ a country 
situated in the north-eastern part of the sub-continent/ the 
subject has also been neglected. However/ from the last few 
decades a little attention is being given to the subject. For 
the fact that the country is a riverine one and that,its many 
aspects are somehow related to the rivers of the country the 
importance of the study of these channels ( especially of their 
nature/ processes and hydrology ) is being understood by the 
geographers/geologists, hydrologists and other persons concerned 
in the country. The Bangladesh Water Development Board has 
taken pioneering initiative in this connection. It has conducted 
elaborate surveys on the various fluvio-morphological aspects 
of the river systems of the country. Bangladesh Water Develop-
ment Board and the River Research Centre of the Government of 
Bangladesh are engaged with similar activities. 'Morphological 
features of Major Rivers of Bangladesh* — an elaborate fluvio-
morphological survey report — has been published by the 
B.W.D-B. ( B.W.D-B., 1978 ). Bisides/ Bangladesh Inland Water 
Transport Authority has conducted important surveys on the 
hydrological and morphological studies of the various important 
rivers of the countryXB.I.W.T.A., 1967 ). It has also published 
some other important documentary reports in the field. 
M.I. Choudhury/ an eminent geographer of Bangladesh, 
has written several articles and reports on some fluvio-morpho-
logical aspects of Bangladesh. In 1961/ he published an article 
on the types of meandering rivers of the area ( Choudhuri, 1961) >• 
His another significant work was on the gradual shifting of the 
courses of the Ganges in the detaic region of the country ( Cho-
udhuri/ 1964 )-. Khan/ an engineer and hydrologist/ worked on 
the effects of flood on river morphology in Bangladesh in 1974 
( Khan/ 1974 ) . He sxibsequently gfive attention to the recent 
geomorphic changes in the Ganges ( Padma ) of Bangladesh region 
( Khan/ 1978 ) . In 1979/ he has published a book on the morpho-
logy of the Ganges { Khan, 1979 ) . On the hydrology and morpho-
logy of the Meghna/ Rahman has done some studies ( Rahman, 196 9) . 
In 1966/ Rasid had published another article on the Jamuna Flood 
plains of Bangladesh ( Rasid/ 1966 ). Along with various 
fluvial processes he tried to describe different morphological 
features of the Jamuna floodplains in the paper. Besides/ 
many other works are being done in the academic levels in 
different universities of the country in this field. 
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EVOLUTION OF DELTAS : CONCEPTS AND IDEAS 
As deltas are basically fluviomorphic features in 
origin the study of these alluvial landmasses can be included 
within the scope of fluvialmorphology. Deltas are almost 
completely made up of the sediments brought up by rivers and 
streams. Moreover* without the presence of active river chann-
els no deltaic formation is possible. Erosional and depositi-
onal processes of these channels continuously shape and reshape 
the form of a delta. River works as the lifestream of a delta. 
Considering all these fluvial actions and processes the study 
of morphological aspects of the deltas has rightfully been in-
cluded in the subjectmatter of fluvial morphology. 
Although there exists little confusion and controversy 
regarding the identification and indication of a delta even then 
there seems to be little agreement on the point of how much of 
a alluvial tract should be included within its confines. From 
this point of controversy the difinition of the term'delta* took 
different colours. However, the basic theme of these varied 
expression remains almost the same. 
Deltas form at the mouth of rivers draining in to the 
sea or relatively large water bodies. The name of 'delta' was 
first applied to the arcuate, fan-shaped deposit formed by the 
River Nile at its confluence with the sea. The shape of the 
depositional formation between the two extreme split-branches 
of the stem-stream and the confluencing water body resambled 
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the Greek alphabet ' A ', and hence was named after it. Sub-
sequently/ the similar depositional formations at the mouth of 
all other rivers elsewhere in the world were started to be 
attributed as deltas. Now a days, by the word 'delta' is meant 
•a deposit/ partly subaerial, built by a river into or against 
a body of standing water' ( Barrel's definition quoted by Bagchi, 
1944-a)L . In the very recent year Moore and Asquith (1971) have 
defined delta as a feature of subaerial and submarged sediment-
ary mass deposited in a large body of water primarily by the 
action of a river. Delta is defined by Encyclopedia Americana 
(1966) as/ 'a tract of land triangular in shape, generally 
formed by the deposit of river sediment/ especially at the mouth 
of rivers which flow'into lakes or seas'. Actually, by all 
definitions a 'dalta' is meant that portion of a riverine depo-
sit demarcated on one side by the sea or lake in which the 
deposition is made and on all other sides by the distributaries 
of the stream/ its apex being at the point from v/hich the 
splitting of the stream begins. 
STRUCTURE AND MORPHOLC)GY OF DELTAS : 
This has been observed that a delta is formed when a 
river deposits fluvial sediments at its mouth at a rate faster 
than that by which it can be removed by the marine processes^ 
and almost all the deltas exhibit some common structural and 
morphological characteristics. A structure produced by the 
three sets of beds frequently present in an ordinary delta,i.e., 
bottomset — consisting of the finer materials carried farthest 
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out to sea; foreset — of the coarser materials, showing the 
advancing front of the delta; and topset — lying above the 
foreset/ forming a continuation of the alluvial plain border-
ing the delta ( Fig. 1 ). 
From its morphological points of view this can be ob-
served that the overall configviration of the delta results from 
different geomorphic environments to which parts of the delta 
surface are subjected. In a delta one can recognise three 
major areas of geomorphic influences. The upper delta zone 
exhibits a strong fluvial environment, the -intermediate zone 
shows both fluvial and marine influences and the lower zone 
bears a clear marine coastal infuence. Morgan has recognized 
the foxir dominent geomorphic variables which in numerous com-
binations produce a great variety of deltaic morphology, i.e., 
a) the river regime, b) coastal processes, c) structural 
behaviour, and, d) climatic regime ( quoted by Sharma, 1986 ) . 
• In a typical delta various geomorphic features can be observed. 
In the upper and intermediate zones of a delta active and 
defunct distributary channels, natural levees, crevasse splays, 
point bars, swamps, strandlines and dunes, etc are seen. 
Submerged levees, mouthbars, spits, interdistributary bays 
and swamps characteristic forms of the lowerzone. 
Form or shape of the deltas can be classified as 
Arcuate or Fan-shaped ( the Nile Delta ), Lobate or Digitate 
or Bird's foot ( the Mississippi Delta) and cuspate ( the 
Tavere delta ) . There are some deltas which do not resamble 
13 
DELTAIC FORMATION 
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any of these forms and some exhibit rather complex forms and 
structures. 
EVOLUTION OF DELTA : PROCESSES OF AGGRADATION 
Dalta-building processes are very complecated, invol-
ving many interrelated factors^ rather than a single dominent 
one. The initial stage in the evolution of deltas is the 
bifiircation of the mother-channel into major distributaries 
as it approaches the sea or a large water body. These major 
distributaries are further split into several active minor 
channels v;hich carry part of dischareg and sediment load to 
the sea or lake. These channels locally work to buildup the 
deltas and regional upliftment or subsidence of sea-bottom 
provide favourable conditions for a rapid growth of deltas. 
There are many factors which are effecting the depo-
sitional processes and patterns of sediments in a delta-
building activity at the mouth of a channel. From different 
studies it is learnt that the materials carried by a stream 
to its mouth do not settle all atonce ( Bagchi/ 1944-b). The 
time required for them to settle at the bottom varries in 
stream to stream. The deposition of materials at the conflu-
ence of a river and sea depends, firstly, on the nature and 
composition of materials brought by a stream, secondly, the 
state of water salinity at the confluence regime, and thirdly, 
upon the relative quietness of the basin receiving the loads. 
Under such circumstances the sediments start to accumulate 
towards the deeper part of the sea and the slope of the 
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prograding delta surface begins gradually to flatten. The 
development of a gentle surface slope initiates splitting of 
the channel net work some distance upstream of the active 
deltafront. Here the bifurcated channels become shallow/ wide 
and less inclined towards its gradient slope. Gradually these 
active distributary channels are completely abandoned by con-
tinuous siltation in the channels. This channel failure sub-
sequently creates a new distributary system in the region. 
Here/ in this region, various platform bedding start to deve-
lop and over these prograding beds the process of stream-leng-
thening ^ akes place. Moreover/ floods in active distributary 
channels buildup natural levees. Simultaneous deposition of 
sediments at the outlet of distributary channels elevates the 
level of the delta surface. This has an effect on channel 
aggradation and increase in the frequency of overbank flows. 
These freqvient overbank floodings cause subsequent rise in 
the height of local natural levees higher than surrounding 
areas and all these occurences gradually give shape to a 
complete delta. Ofcourse/ the process of channel shifting 
and channel splitting continues and thus the form and size 
of the aggraded delta continue to be changed with the passage 
of time. 
The first scientific paper on the process of evolution 
of delta was presented by Gilbert in 1885 (quoted by Bhuiya/ 
1983). Nevin and Turner (1927) have jointly investigated 
into the structural formation of deltas. Their joint invest-
igation reveals that/ under different conditions and situation 
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of environmental contexts different sets of structural beds 
with different angles of rest are formed. In 1953 Bates,' 
formulated his famous'Jet Analogy Theory* related to the rat-
ional theory of delta formation ( Bates, 1953 ) . In this theory 
he reasoned that the pattern of deposition which results in 
the formation of deltas is closely related to the pattern of 
jet diffusion. Bates postulated that three types of inflow, 
each defined by the re-lative differences of deni->ity of river 
water to that of the basin, would result in a particular type 
of deltaic formation. Scruton, on the basis of empirical 
data frcxn the mouth of the Mississippi, reported that the 
effect of waves and currents was much more pronounced in the 
process of delta evolution- ( Scruton, 1956 ) . 
Chorley and Abrahams — two eminent geomorphologists 
have also contributed to the study of deltaformation. Some 
other important contributions to the theory of delta formation 
are made by Wolman and Leopold in 1957 (Wolman and Leopold, 
1957), and Russel in 1967 ( Russel, 1967 ) . Bonham, et al. 
(1967) developed a computer simulation model for deltaic dep-
osition utilizing the jet analogy, which essentially dealt 
with the variables important in the constructive phase of delta 
( Bonham, et al., 1967 ). Their findings suggest that the shape 
and foreset slope of the delta depends on the discharge and 
the size of grains of sediments in a channel. Russel's opini-
on regarding the origin of dealtas states that the outflow of 
the stem-channel of the river system continues forward as a 
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result of the initial momentum and extends laterally into 
a lake or sea because of discontinuity of confinement imp-
osed by the fixed banks of the iriver. The flaring of the 
outflow increases the area between channels of most intense 
turbulence. He further explains that# the exchange process 
sends most of the entrained materials towards the margins 
of calm water* which than build submarine levees on the outer-
sides of each channel. He also pointe out that the flaring 
of outflow is also associated v/ith the widening of the mid-
channel water area where decrease in velocity of flow is 
evident. As a result/ deposition occurs at the mid-channel/ 
creating a shoal. The channel splits around the shoal into 
two distributaries/ each of which develops its marginal 
threads of maximum turbulence. The process of subdivision 
of each nev; channel/ according to Russel, continues in 
geometric progression along with the delta gro'/vth, if not 
negatively affected by wave action or shore currents. 
GEOGRAPHICAL LOCATfON OF THE 
GANGES DELTA 
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CHAPTER - II 
OBJECTIVES/ I^ TH0D0LCX3Y AND TESTII^ OF THE HYPOTHESES 
FLUVIAL MORPHOLOGY OF THE GANGES DELTA : 
The Ganges Delta is the world's largest delta and 
occupies the lower part of the Bengal Basin. This delta is 
located at the northern apex of the Bay of Bengal and its 
area is confined within the Bhaghirathi-Hoogly river in the 
west and the Padma-Meghna estuary in the east. The northern 
boundary of the delta is delimited by the main channel of 
the Ganges*or the Padma (Podda) itself. 
The Ganges delta comprises a vast fertile and popu-
lous landmass of West Bengal (India) and Bangladesh. More than 
60,000/000 people inhabit this deltaic tract and agriculture' 
is the mainstay of the majority of the population. Large 
cities and tov/ns like Calcutta, Khulna, Barisal, Hawra* Jessore, 
FaridpuT/ Nadia, etc, have flourished here. The delta-rivers 
act as the sources of irrigation and water supply for the 
agricultural activities of the area. Besides, the active 
channels of the deltaic region also serve as major communi-
cation linkages. The Sunderbans, one of the world's largest 
mangrove forests is situated in the southern coastal part of 
the delta. The forest bears immense economic significance, 
•k 
The Ganges is called 'Ganga' in India and 'Padma' in 
Bangladesh. The river is also known as 'Podda' among the 
native people of Bangladesh. 
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too. The fluvio-maritime geomorphic processes are active in 
the delta and erosional and depositional activities of both 
the fluvio and marine origins are active in the area. The 
northern portion of the delta is facing an acute drainage 
failure v/hile the southern part experiences increasing soil-
salinity. In the estuarine eastern part of the delta* a huge 
accretion is taking place. Besides/ due to some complex 
reasons the main channels of the delta are decaying gradually. 
All these situations and aspects demand an indepth and elabo-
rate morphological studies of the delta. 
Keeping the above mentioned aspects in mind the 
present study attempts to investigate into the fluvio-morpho-lo-
gical characteristics of the Ganges delta. Hov/ever/ the 
present study is limited to the researches of the changing 
courses of the delta rivers and the changing coastal morpholo-
gy of the delta. 
OBJECTIVES : 
considering the significant role of the rivers and 
channels of the delta in morphological activities the main 
purpose of the present study is oriented towards the investi-
gation of morphological aspects of the Ganges Delta. Besides, 
the shifting courses of the delta rivers and the changes in 
the delta coast'line have been examined critically. The 
objectives of the study can be categorised as follows : 
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1. to understand the actual physiographical and morpho-
logical condition of the Ganges delta/ 
2. to findout the shifts or changes in the courses 
of the major delta rivers/ 
3. to examine the changes in the coast-line of the 
delta region, 
4. to compare the sedimentation or accretion activities 
between the western and the eastern parts of the 
delta, and finally 
5. to test the functional hypotheses formulated for 
varifying the justification of the propositions 
regarding some morphological problems of the delta. 
METHODOLOGY i 
Methodology used in the present study incorporates 
analysis of satellite ( LANDSAT ) imagery and interpretation 
of the old and the new maps. In addition to these the study 
includes data from other secondary sources ( viz.,,data and 
information collected by various authorities and institutions) 
and comparison of maps and aerial photographs have been perfo-
rmed. 
In comparing maps of different period Plan-variograph 
and planimeter have been used. This comparison was needed 
for detecting changes in the courses of the delta rivers and 
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to determine the changes in the coastal line of the delta* 
Available satellite imagery and aerial photographs 
have been interpreted using Lighttables and Additive Viewer. 
To determine the shifts in the courses of the rivers 
of the Ganges Delta, RennelTs Map of 1780 was taken as the 
base map. Beside the Rennell's map two other maps of the delta/ 
one of the Sxirvey of India (1880) and another produced by the 
SPARRSO ( Bangladesh ) have been chosen for the purpose. 
Since these three represent three well defined 
periods/ the maps have been selected for the purpose of 
comparison to determine the changes in the courses of the 
rivers that took place in the last two hundred years in the 
delta. 
To determine the changes in the coast line of the 
delta and the accretion in the eastern part of the delta 
( Ganges-Padma estuary ) several other maps including one 
aerial photograph ( R.A.F.) have been consulted. 
All the maps were brought on the same scale and 
on the basis of these maps and aerial photos superimposed 
maps were prepared. Accreted areas and length of rivers were 
measured with help of planimeter and rotometer/respectively. 
List of the maps used in the study is given below : 
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1. Kennel's Map of the Bengal Delta (1780), on a scale 
of 1 : 75,000. 
2. Survey of India (1880), on a scale of 1 : 100,000. 
3. SPARRSO Map of Bangladesh and the Delta (1979), on a 
scale of 1 s 100,000. 
4. Meghna Mouth Map of Rennel (1779), on a scale of 
1 : 75,000. 
5. Aerial Photograph Map ( R.A.F., 1974-'81 ), on scale 
of 1 : 30,000. 
6. Other maps of the Mouth of the Ganges and Padma. 
Beside these sources some hydrological data viz., 
discharge and gauge reading and tidal limits etc., have been 
collected and utilised in this study. 
TESTING OF THE HYPOTHESES : 
Testing of the hypothesis is an important yet delic-
ate aspect of a research work. It helps the researcher to 
achieve the goals of his investigation and to draw a conclu-
sion about his study. 
The delta of the Ganges offers ample of hypotheses 
for testing from various perspectives and angles of investig-
ation. These hypotheses may be formulated in relation to 
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the changing nature of the delta riverS/ shifting coast-line 
in the delta* origin and evolution of the delta* sedimenta-
tional or erosional processes in the various parts of the 
delta. 
In the present work Emphasis has been given on the 
shifting courses of the delta rivers and on the changing 
coast-line of the delta. Through an extensive and critical 
review of the literature and work done so far by different 
authors and scholars on the area is evident/ almost all the 
scholars have observed that the accretion or deltaic formation 
is negative in the eastern part of the delta. Basu and 
Chakraborty (1972) have observed that the Ganges ( Padma ) 
distributaries are not bringing enough sediments to the sea. 
Islam (1978) is of the openion that the delta had not grown 
as appreciably in the east as in the west. Bagchl. (1944;*c) / 
a pioneer in the field of the study of the Ganges Delta* also 
hold the opinion of the a ceased accretion in the southern and 
eastern section of the delta. The reasons behind these opinion 
lie in their observation that whatever sediments that the Ganges-
Padma distributaries do bring in are getting washed away to-
wards deeper parts of the Bay of Bengal by offshore drifts 
and as a result accretion of the delta is not taking place 
effectively. Hov;ever, all the authors and researchers of the 
Ganges Delta do agree on one proposition that the rate of 
delta building activities or accretion is slower in the 
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eastern coast in the Ganges Delta. 
Keeping the aforesaid opinions and propositions in 
mind the following hypotheses have been formulated for test-
ing- in the coxirse of this study : 
1. that# the delta building process or accretion is 
functioning positively in the eastern part of the 
Ganges Delta* 
2. that/ in comparison/ the eastern part of the Ganges 
Delta is much active than the western part of the 
delta/ and 
3. that/ the coast line of the delta is not static. It 
has been changing very fast in the recent years. 
CHAPTER - III 
REVIEW OF WORK SO FAR DONE IN THIS AREA 
There are not many studies in the realm of fluvial 
morphology of the Gangetic Delta. Although the Ganges and 
its huge delta had been drawing attention of many travellers, 
scholars and researchers from early times/ and anumber of 
articles and books are being published on the field in the 
recent years* yet most of the contributions remain confined 
mainly to the descriptive accounts of the area along with some 
superficial spatio-temporal studies of the rivers and streams 
of the dalta. In Some legends and travel accounts of the 
ancient period only the geographical location of the Ganges 
delta and course of the river were mentioned. However* most 
studies done in the modern period on the Ganges Delta incor-
porate a score of aspects ranging from the description of the 
geological and physiographic settings of the region to the 
changes in the courses of the delta-rivers and from the study 
of demographic characteristics of the area to the agro-economic 
activities of the people of the region. Geologists* geographers, 
engineers* historians and economists have contributed substan-
tially in these studies. In the very recent years a few 
researchers including geographers have been showing interest 
in the hydrological and morphological studies of the delta. 
But unfortunately their interest obviously lacks a complete 
fluvio-morphic approach of study. 
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In the Ramayana# secred book of the Hindus, we wit-
ness the most ancient mentioning about the lower courses of 
the Ganges. In this religious book we find that in the period 
of Valmiki, the author of Ramayana, the Bhagirathi was a flo-
xirishing channel carrying the major discharge of the Ganges 
past Rajmahal ( Valmiki, ? ) . This book was written app-
roximately in 2*000 B»C# Among the other ancient references 
next comes the mentioning of Megasthenes of Greece. In 300 
B.C. Megasthenes confirmed the appearance of the Padma channel 
along with the island of the Sandwip of the Bay of Bengali[Ka-
lota/ 1978). In A.D. 150, Ptolemy recorded the flow through 
the 'Kambyson' mouth near Sagar Island as the principal cha-
nnel of the Ganges (Chowdhuri, 1982-a). This statement of 
Ptolemy however differs from that of Megasthenes who stated 
that the main channel of the Ganges was the present eastern 
branch and in those days this branch marked the boundary of 
the delta of the Ganges ( Chowdhuri, 1982-b ) . Besides these 
ancient citations there can be seen some description of the 
geographical features of the Ganges and its delta in the 
writings of the mediaeval period's Muslim scholars of Arabia 
or central Asian countries. 
Among the various studies of the early modern period 
on the drainage network and other physical features of the 
Ganges delta the contributions of Major Rennellstill remain 
as pioneering initiatives to the study of the area. After the 
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conquest of Bengal by the East-India Company/ Rennellwas 
entrusted with the task of surveying the rivers and the land. 
He performed his task successfully. Even today his work is 
often refered to for comparison, of the data with those of 
the modern ones. As outcome of his elaborate survey work 
Rennell*s famous'Atlas of Bengal* was published in 1780 (Rennel/ 
1914). In this atlas the Ganges delta is mapped elaborately. 
The general surface features of the delta as well of the basin 
are depicted for the mid-eighteenth century in the map. In 
the 'Notes on the Physical Geography of Bengal* — a commen-
tary on Rennells Atlas done by Lt. Col. F.C. Mirst (1925)— 
elaberate discussion on the rivers* flood-plains, highlands 
and the lowlying areas of those days can be seen ( Chowdhuri/ 
1982-c). Besides, Rennellhimself has published one valuable 
article on the Ganges and the Brahmaputra Rivers which reve-
aled some important morphological aspects of the delta region 
( Rennel/ 1781 ) . 
The first precise article on the Ganges delta was 
written by Baird Smith in 1859 ( Smith/ 1859 ). It was an 
attempt of mere describing the delta area from the geograph-
ical point of view. However* the attempt bore very little 
qualitative accounts of the delta rivers, viz., their dist-
ribution, courses, etc. The next and the most indepth study 
on the Ganges delta of the mid-nineteenth century was made 
by James Fergusson (1863). Although his paper is mainly a 
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qualitative appraisal of the delta* yet it encompasses a 
vast scope xinder foiar broad heads, viz., i) general con-
siderations, ii) physical changes in the valley of the 
Ganges, iii) historical evidence of changes in the delta 
of the Ganges, and iv) increase of the delta seaward. In 
this lengthy study the author has highlighted on some cri-
tical points which, in the light of the modern knowledge of 
Science, could not have escaped controversy and criticism. 
These points include proposition on oscillation of rivers, 
processes and causes of elevation of deltas, silting-up of 
the Sylhet-Jheels, gap in the eastern seaward face of the 
delta, retrocesson of junctions of tributary streams with 
main rivers. Moreover, the author has added some informative 
accounts on silt contents in the Ganges waters and the'Swatch 
of No Ground'of the Bay of Bengal. Besides,his article 
incorporates some nice maps, diagrams and tables. 
Precise appraisal of the deltaic processes leading 
to the development of the spill channels and shifts in the 
river courses, find mention in a paper by Thomas Oldham in 
the proceedings of the Asiatic Society of Bengal in 1872 
( Oldham, quoted by Bagchi, 1972 ) . 
The following contributions on the various aspects 
of the Ganges delta comprise a series of studies made by 
different scholars and researchers in the first half of the 
twentieth century. Most of these studies have examined the 
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geological, hydrological and morphological aspects of the 
delta and its surrounding areas. However, all these attempts 
were rather qualitative as well as descriptive in natvire. 
The studies were done by the following scholar and researchers; 
Major R«H. Colebrook ( 1901 ) , 
E. Vredenburg ( 1908 ), 
F.D. Ascoli ( 1910 ), 
C. Adams Williams ( 1918 ), 
H.G. Reaks ( 1919 ) , E.H. Pascoe ( 1919 ) , W.H. 
Thompson ( 1919 ) , 
W. Wil lcocks ( 1920 ) , 
R.K. Mukherjee ( 1938 ) , 
C. S t r i c k l a n d ( 1940 ) , 
S.C. Majumdar ( 1942 ) , 
K. Bagchi ( 1944 ) , 
In the beginning of the 20th century Major R«H» 
Colebrook ( 1901 ) published a pioneering paper on the cour-
ses of the Ganges through Bengal ( Colebrook, 1901 ) . In the 
article the author has simply described the courses and the 
surroundings of the different distributaries as well of the 
main channels of the Ganges from a geographical point of 
view. 
The next important study on the geology of the 
Ganges delta was done by E. Vredenburg ( 1908 ), an eminent 
geologist of the early 20th century. He presented the paper 
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in a scholarly lecture delivered in the•Hemchandra Memorial 
Series of Lectures' organized by the Calcutta University 
( Vredenberg* 1908 ) • The paper presented by Vredenburg was 
based on the author's extensive studies on the geological and 
tectonic aspects of the Ganges and its other distributaries 
along with their resultant delta. In 1918, another important 
study on the rivers of the delta of the Ganges was performed 
by C. Adams William, the then Chief Engineer of the Department 
of Irrigation of the Government of Bengal ( William, 1919 ) . 
William studied the changes in the rivers and their courses 
in a historical perspective. His study has investigated the 
history of the deltaic rivers from 1750 to 1918 A.D. In the 
course of his study William found a trend of substantial cha-
nges in the courses of the major channels of the delta rivers. 
This study revealed a significant eastward shifting tendency 
of the main channel of the Ganges while the previous courses 
had been showing noticeable aggradational developments. 
Besides the contribution of Vredenbxirg another paper 
dealing with the geological aspects of the delta region of 
the Ganges was published jointly by Pascoe and Harden in 1919 
( Pascoe and Hayden, 1919 ) . This work was also based main-
ly on secondary sources of study and obviously maintained a 
typical qualitative tradition of those days. 
Ascoli's paper ( 1910 ) entitled 'The Rivers of the 
Delta* deals primarily with the hydromorphic aspects of the 
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various streams of the Ganges delta ( Ascolie« 1910 ) • In 
the paper Ascoll has focussed on the eroslonal and depositlo-
nal processes of the delta rivers. He has tried to concen-
trate the discussion on the shifting nature of the channels 
of the area. This paper* too# lacks much scientific inter-
pretation of the processes and products of these rivers. 
H.G. Reaks ( 1919 ) contributed significantly to 
the knowledge of the delta by publishing a report oh the 
physical and hydrological characteristics of the rivers of 
the Genges delta ( Reaks, 1919 ) . In this report he brought 
out the results of some scientific observations, viz., the 
discharges of the various delta rivers, sediment characteri-
stics and level of water in the major channels of the Ganges 
delta. Moreover, he tried to correlate all these variables 
with the physico-climatological condition of the delta region. 
In the next year Sir William Willcocks ( 1920 ) was 
invited to deliver his Readership Lectures by the University 
of Calcutta, since published by the same University, on 
•Ancient System of Irrigation in Bengal* in which the speaker 
elucidated the significance of river alignments in the delta 
and elaborated on the indigenous character of the overflow 
system of irrigation ( Willcocks, 1920 ) . In course of his 
survey Sir, William was convinced of the artificial nature of 
taost of the waterways of Bengal which are now called deadri-
vers because of their decaying conditions. Besides, he main-
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tained that these streams had been laid down in position 
according to a plan and designed to carry floodwater of the 
Ganges and that they could be restored to their former posi-
tion at reasonable cost and effoirt. He also warned against 
improper use of these channels leading overflow irrigation 
in future. This study of WillcocXson the delta rivers how-
ever can rightly be attributed as one of the milestones on 
the studies of the Ganges delta. 
Another noteworthy study towards morphological app-
roach on the Ganges delta was done by C. Strickland(1940). 
While discussing the various aspects of the formation of 
deltas, Strickland made special mention on the hydrographic 
processes of the Ganges and the Brahmaputra of the eastern 
part of Bengal. Eventually he focussed on the deltaic for-
mation of the southern part of the river basins and highlig-
hted on the role of these two mighty streams in delta-forma-
tion. This study also obviously failed to incorporate some 
important processes and products of the fluvial orgin within 
the scope of the study. 
•The Changing face of Bengal', a treatise on the 
hydrological changes of the deltaic rivers of Bengal written 
by Mukherjee ( 1938 ) outlined the role of communication and 
transportation in the economic activities of Bengal. This 
was followed four years later, by an analysis of hydrological 
problems from the pen of Majumdar ( 1942 ), a leading engineer 
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and hydrologist of Bengal. Majumdar studied the decaying 
nature of the delta rivers while dealing with the changing 
nature of trade and commerce in Bengal, In his book, 'the 
Rivers of Bengal DeltaS the author has mantioned the htiman 
interference as the reason for the decaying tendency of the 
delta rivers. In the same work Majumdar has tried to cast 
some light on the river dynamics with a view to prevent 
disastrous floods and choking of river channels through 
alluviation. Moreover^ the author has scientifically 
studied the various stages of formations within the deltaic 
region. This work also followed the typical descriptive 
approach and failed to follow a sound scientific method of 
investigation and study. 
Soon» afterwards, a geographical treatise was publi-
shed on Ganges delta written by Bagchl ( 1944 ) in which the 
deltaic processes and their demographic consiquences were 
elaborated. Great stress has been laid in the work of Bagchi 
on the dynamics of the Ganges delta, and its influence on 
the nature of the distribution of population in it for a 
period of fifty years in the first half of the present 
century. In course of treatment it was found necessary by 
the author to define the extent of the deltaic region in 
Bengal and a name that would be appropriate for it. According 
to the author the extent of this deltaic tract is confined with-
in the two farthest distributaries of the Ganges, i.g., the 
Bhagirathl in the west and the Padma-Meghna channel in the 
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east ( Bagchi, 1944- d) . The name that has been proposed by 
author Is 'the Ganges delta' ( Bagchi, 1944- e ) . In the 
course of his studies the author has classified the delta 
region into three sections* viz., moribund, mature and active 
parts of the delta. Moreover, he tried to elaborate the 
different stages in which the delta came into existence and 
the associate hydrographic characters, in its different 
portions. However, the central object in studying the hydro-
graphy of the Ganges delta was to bringout in details the 
nature of the distribution of population in different parts 
of the deltaic region and howfar it is influenced by geog-
raphical conditions. 
In addition to these studies some other general yet 
significant reports on the physical aspects of the Ganges 
delta were published in the form of books, articles and 
survey reports. Among these 'The Satlstical account of Bengal' 
by Hunter ( 1875 ) bears some valuable data and information 
of the Ganges delta. This report also Incorporates an exce-
llent map of Bengal which depicts a clear hydrologlcal scene 
of the delta region. 
Another survey report of this category can be found 
in a geological text written by Pascoe ( 1965 ) in which he 
has attributed the delta as 'the Ganges-Brahmaputra Delta'. 
Pascoe has Included it among the 'Khadar' or floodplain 
deposits of the Ganges basin ( Pascoe, 1965-a ). Highlighting 
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on the shifting nature of the delta-channels* he has stated 
that the present delta area comprised a large area in which 
the ground had been raised above the general flood level by 
the main branches of the Ganges which in the past traversed 
it. He observed that the eastern part of the delta was more 
backward, the marshes or 'Jheels' were more extensive* and 
the banks of the strems were less consolidated and the eastern 
part* in his opinion* was the main depositing area. Moreover, 
Pascoe stated the role of Brahmaputra in the delta building 
processes from a historical perspective. However* this report* 
too* lacks sufficient empirical support and it seems to be 
based mainly on the older information of secondary nature. 
Among the geological studies of the Bengal Basin and 
the delta of the Ganges the paper produced by Morgan and 
Mclntire ( 1959 ) stands on a sound position and is marked by 
some originality. This joint publication of the two famous 
geologists appeared in the'Bulletin of the Geological Society 
of America'and was entitled 'Quaternary Geology of the Bengal 
Basin*• This study gives some new ideas and provokes some 
deep thoughts about the formation and the origin of the Genges 
delta. This study includes paleoclimatological influences on 
the formation of the Bengal Basin and the delta and it indic-
ates the presence of a series of deltas in the region. The 
authors have emphasized the tectonic upliftment and subside-
nce of the surrounding areas of the delta and mentioned the 
movements responsible for the development of the delta. 
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Another significant contribution towards the morph-
ological studies of the Ganges delta was made by Geddes (i960), 
an eminent geographer from the U.K., by publishing one leng-
thy article In the 'Transaction and papers of the Institute 
of British Geographers*. The author elaborated some morpho-
logical reasonings while describing the alluvial morphological 
features of the Indo-Gangetlc Plain and Its significance of 
mapping In geographical studies. In the course of this study 
evidence on the structural relationship of the Indian plateau 
to the Himalayas has been reviewed and the major relief of 
the plains Including the Ganges delta Is mapped. The complex 
forms of Bengal area are outlined alongwlth other studies of 
the Indus and the Ganges flood plains In relation to their 
adjacent mountains and plateaues. Forms and processes are 
Illustrated In the study by re-contoured manuscript maps of 
three regions. This work carries sufficient originality and 
scholarly touch. 
In course of this literature review It should be 
mentioned that the partition of Bengal in 1947 affected 
researches in the Ganges delta. With the political division 
of the deltaic region between West Bengal and East Pakistan 
( Now Bangladesh ),the researchers and scholars of these 
two countries made the study of the delta belonging to their 
own countries. Thus a trend of partial survey of geomorpho-
logical, geological, ecological or other environmental aspects 
of the delta developed on the basis of this politically 
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divided delta into two neighbouring countries. However/ a 
few studies, like those of Chowdhuri do not fall in the above 
mentioned group. Chowdhury's 'Morphological Analysis of the 
Bengal Basin' ( 195 9 ) covers both the parts of Bengal. His 
work includes a vast range of studies covering all the eros-
ional# depositional and transportational activities of the 
Bengal rivers. In his study Chowdhuri tried to classify the 
various stream- patterns that are seen among the Bengal rivers. 
Obviously* his studies cover all the streams and rivers of 
the Ganges delta area. Moreover* he studied the coastal 
pjart of the Bengal Basin along with its morphological settings. 
The only drawback of this painstaking investigation is that 
this work lacks sufficient empirical and quantitative supports 
through field investigation. The vast scope of this study 
is mainly confined within the investigation of stream-chara-
cteristics* their processes and the resultant products of 
topographic features. 
In 1964* Chowdhury contributed another paper on the 
Ganges delta which investigated the gradual shifting of the 
Ganges from west to east in delta-building operations (Chow-
dhury, 1964 ) . With the help of different maps and aerial 
photographs he tried to explore the changing courses of the 
main flow of the Ganges channel. In the paper the author has 
focussed on the geological and tectonic settings of the delta 
and tried to correlate these with the shifting of the Ganges 
course. 
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Rizvi ( 1964 ), a geographer of the then East-Pakistan* 
tried to delineate the precise boundary of the Ganges-delta. 
According to his study the Ganges delta may be delimited by 
its western distributary/ the Bhagirathi, its north-eastern 
and eastern distributary# the Baral-Dhaleshwari-Meghna channel/ 
and the Bay of Bengal. Many writers* not adhering to Rizvi's 
definition have drawn arbitary lines to demercate the extent 
of the delta. Their views are considered critically by the 
author to show that a proper appreciation of deltaic character-
istics is essential for a correct delimitation of the Ganges 
delta. As a frveasure of comparison Rizvi has incorporated 
several maps of the Ganges delta drawn by ohter geographers 
and one by the author himself showing the limit of the delta. 
Deb ( 1956 ) has suggested that the Gangetic alluvium 
has been developed from the top/ contrary to the processes of 
normal deltaic formations. He tried to findout some palaeo-
climatological and geophysical aspects of the Gagetic delta 
through the examination of the sedimentary material collected 
from the bore-holes of several tube-wells in the deltaic 
portion of West Bengal. In his paper Deb has highlighted 
on several aspects related to the origin of the delta, viz., 
probable limit of the Bay of Bengal towards the north, rivers 
of the Indo-Gangetic plain/ their origin and history/ formation 
of the Rajmahal Gap, geodetic anomaly of the Indo-Gangetic 
Alluvium and its significance, and lastly/ the physiography 
during the late pliestocene time and the instability of the 
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region. 
After the partition of Bengal in 1947^ the then 'East 
Pakistan Inland Water Transportation Authority* ( EPIVTTA, 1967) , 
and'the East Pakistan Water and Power Development Authority' 
( EPWAPDA, 1978 & 1980, revised ) separately conducted several 
important surveys on morphological, hydrological and sedimen-
tological aspects of the province which virtueally included 
the rivers of the coastal the areas of the Ganges delta in 
the eastern part of Bengal. 
Since the emergence of Bangladesh ( 1971 ) a series 
of studies on the morpho-hydrological aspects of the deltaic 
portion of the country were made by different development 
authorities of the country* Among these studies, the survey 
made by the 'Bangladesh Water Development Board' ( BWDB, 1978 ) 
deserves mention. Through an indepth investigation the 
research and Training Cell of the BWDB studied the morpholo-
gical features of major rivers of Bangladesh which ultimately 
covered all the major rivers within the deltaic portion of 
the country* The researches and surveys of the Space Research 
and Remote Sensing Organization of Bangladesh ( SPARRSO ), 
which have been done in the recent years, also deserve some 
mention. The SPARRSO's most significant contribution to the 
knowledge of the Ganges delta is the study of the changing 
Morphology of the coastal areas of Bangladesh ( SPARRSO, 1981). 
Besides, the organization is conducting some other studies on 
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the sediments and other morphological aspects of the delta 
and coastal belt of the country. 
In recent years significant contributions have been 
made to the knowledge of the Ganges delta by scholars from 
Bangladesh and India, among whom the name of Miah, PramanlX 
and Islam of Bangladesh and Mallik, Chatterjee* Bagchi/ Paul 
and Basu of West Bengal need to be mentioned. Each of the 
above mentioned scholars worked on various aspects of the 
morphological, hydrological or sedimentology of some parts of 
the Ganges delta or their streams and rivers. 
Miah ( 1975 ) worked on the changing morphology of 
the active part of the delta. He investigated the coastal 
part of the estuarine Bangladesh with the help of different 
old maps and some recent aerial photographs. 
Pramanik contributed a series of papers on the coastal 
part of the Ganges delta of Bangladesh-portion with the help 
of LANDSAT data. In 1980 and 1981 he presented two seperate 
papers on the morphological changes in the southern parts of 
Bangladesh ( Pramanik, 1980/1981 ) . Besides, he presented some 
other papers jointly with other researchers on coastal morpho-
logy of the Gangetic Southern Bangladesh. All of his studies 
were mainly based on analyses of old maps, satellite imageries 
and field investigations. Some of his studies cover sedimento-
logical and hydrological aspects of the delta region. 
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In order to bringout some comprehensive knowledge 
about the delta Islam ( 1978 ) contributed a paper in the 
journal of the University of Sheffield Geological Society. 
His paper reviewed some characteristics of the Ganga-delta 
covering from the tectonic settings to tidal and marine inf-
luences in the formation of the delta. 
Khan ( 1979 ) studied the fluvial morphology of the 
Ganges. He concentrated on the changing coxorses of the nain 
channel of the River Padma in Bangladesh and studied ercsional 
and depositional processes of the river while discussing the 
shifting of the courses of the channel. 
MAllik ( 1976 ) made sedimentological studies of the 
deltaic waters of the coastal zone of the Bay of Bengal. An 
Indian sedimentologist* Mallik studied the delta sediments 
of the continental shelf of the Bay with the help of field 
samples collected by the Geological Survey of India in 1976. 
His study reveals that the shelf sediments at the mouth of 
the Hoogly River of the Ganges delta consist of sands* siltS/ 
clays* and their various admixtures. The bulk of the sedi-
ments consists of relatively fine to very fine sand. According 
to his study, there is variation in lithology in the vertical 
and horizontal directions and this also suggests growth of 
the delta in different stages. 
Chatterjee wrote several articles and presented a 
number of papers on the different aspects related to the 
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morphological and hydrologlcal problems of the Ganges delta. 
His paper on the Hoogly-Bhagirathy Basin ( 1972 ) has examin-
ed the morphological aspects of the Bhagirathi-Hoogly river <5f 
the delta. In this paper the author has tried to explain the 
existing decaying condition of the channel from a fluviomor^h-
plogical perspective. Chatterjee has put forward sound argu-
ments supporting the installation of the controversial Far-
akka Barrage on the Ganges. In I960, jointly with Bagchi — 
Chatterjee published another article on hydrographic features 
of the 'Adiganga Bhumi' ( Chatterjee and Bagchi, I96 0 ) • This 
attempt was a palaeo-geomorphological work which tried to 
reveal the prehistorical aspects of the courses and the form-
ation of the Ganges highlighting on its basin and delta. 
Paul ( 1988 ) has studied the morpho-ecological 
dynamics of the coastal part of the Western Ganges delta. 
Althought in his study much attention has been given to the 
ecological and environmental situation of the Sundarban Swamp 
areas — yet# the scope of his study did not leave the fluvio-
hydrological processes of the streams of the area aside. 
Moreover, he has studied some Important sedimentological 
aspects of this part of the delta. 
Basu ( 1967 ) has examined the fluvio-geomorphological 
aspects of the Bhagirathi-Hoogly river of the western part of 
the Ganges delta. His studies include the evolution of the 
Bhagirathi-Hoogly river, its fluvialdynamics, physical and 
hydrologlcal characteristics and silt behaviour. 
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From the foregoing riview of studies on the various 
aspects of the Ganges delta it can be summerised that inspite 
of the numerous researches and studies on different morpho-
logical aspects of the delta area none of them covers the whole 
of the area complete from the view point of fluvio-morpholog-
ical studies of the delta. However* all the afore-mentioned 
studies can contribute substentially to the future indepth and 
complete study of the Ganges delta from different aspects 
of research and investigation. 
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CHAPTER - IV 
PHYSICAL SETTING 
The Ganges delta is the world's largest delta and 
it covers an area of 60,500 Sq, Km. of the undivided Bengal. 
The delta has come into existance by three mighty rivers of 
the region, the Ganges, Brahmaputra and Meghna. This huge 
delta has been developed at the southern part of the Bengal 
Basin by the combined depositional activities of the Ganges 
and their its various distributaries; the sediments brought 
by the Brahmaputra and the Heghna at the head of the Bay of 
Bangal. It should be mentioned that the Ganges delta is 
also designated as-frie*Ganges- Brahmaputra Delta' ( Miah, 1975) 
or the 'Ganges-Brahmaputra-Meghna Delta' ( Pramanik, 1983 ) 
by different authors. But, as the role of the Ganges in the 
formation of the delta is major and for the fact that the 
Brahmaputra and Meghna have become two tributaries to the 
Ganges is the region—their claims to be associated with the 
designation of the delta have become insignificant. The 
deltaic characters and features are restricted to the tract 
of the country shouth of the Ganges-Padma between the Bha-
girathi on the west and the Meghna on the east. This delta 
is a tract of vast alluvial flat roughly resambling the 
Greek letter * / \ * ( delta ) and commences at the off-take 
of the Bhagirathi near Gaur of Murshidabad district in 
West Bengal. 
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As Of its geographical location the apex of the 
Ganges delta is at latitude of 24°40*N and SSPE Longitude 
and the southern extremity stretches as far down as 21^30'N 
Latitude. The longitudinal extension of t!->e base of the 
delta is from 88°E Longitude to 91°50^E Longitude. 
The delta is distributed over a vast area in the 
south-western part of Bangladesh and the southern part of 
West Bengal of India and is located in the northern part of 
the Bay of Bengal where the Ganges/ Brahmaputra and Meghna— 
three mighty rivers plunge into the sea. The sape of this 
alluval tract is triangular and the western limit of the delta 
stretches along an almost uneven north-south running line while 
the eastern limit has entered deep into the south-eastern 
Bangladesh giving the delta's eastern limit a north to south-
easterly boundary. The northern apex of the delta is nerrower 
and widens gradually towards the south following a rather 
south-easterly direction. The shape of the southern part of 
the delta is arcuate and this line is extended from west to 
east touching approximately the same parallel of latitude. 
But this souther limit of the coastal part of the delta forms 
a long stretch of broken and estuarine tract criss-crossed by 
numerous distributaries of the Ganges. The apex of the delta 
commences at the off-take of the Bhagirathi, some 480 km. 
from the Bay of Bengal where the fall of the Ganges drops to 
9.0 cm. in one km. and the delta lies between the Hoogly-
Bhagirathi on the west and the Meghna on the east. 
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The Ganges delta is not a single delta and not all 
parts of the tract known as the Ganges delta have formed by 
the commonly assumed process of riverine alluviation along 
at or near the base base level of erssion. Both physiograp-
hic and tectonic evidences indicate that a substantial part 
of it had formed by recession of the sea concomitent with 
upliftmeht of the basement complex of the Bengal Basin during 
the Pleistocene period ( Sengupta* 1966 ) . The major delta 
unit of the Ganges along with a nximber of similar deltaic 
smaller units formed by the numerous rivers falling into the 
Ganges distributairy system have together formed the complex 
system of the Gengages delta ( Basu.and Chakraborty, 1970-a).. 
Since the last few centuries the Ganges and its 
distributaries have been playing vital role in the formation 
and evolution of the delta. Besides, the role of the Bay of 
Bengal in the formation and the evolution of the delta can not 
be ignored. The southern part of the delta is significantly 
influenced by maritime conditions. The delta is characterized 
by low wave energy, high tidal range, normally low littoral 
drift and a norrow basin resulting in the formation of finger-
like channel sands passing off-shore into elongated tidal 
current ridge sands. Coastal and marine processes are very 
active in the delta and high tides in the Bay of Bengal have 
given rise to an extensive tidal plain of predominately fine 
grained sediments and this is why Galloway ( 1975 ) and 
Reading ( 1980 ) have classified it as the'tide dominated delta'. 
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The changing courses of rivers of the Ganges delta 
exhibit another typical characteristic of the delta rivers. 
The delta was built out west to east from the point where 
the Ganges enters the Bengal Basin. The successive deltaic 
deposits lie parallel to the main distributaries of the 
Ganges ( Coleman, 1969) , This may be asstimed that the delta 
grew by forming successive overlapping lobes. From different 
studies it is evident that the main channel of the Ganges is 
moving towards east changing its former channels ( Bagchi# 1944-| 
i.e., the Bhagirathl-Hoogly, the Bhairab etc, and presently 
it is flowing diagonally towards south-east through the Padma 
of Bangladesh and meets the Meghna River at the eastern part 
of the delta and lastly debouches on to the Bay of Bangal as 
a huge estuarine channel after the name of the Meghna. 
DELIMITATION OF THE. GANGES DELTA I 
There exists a controversy regarding the exact 
boundary or delimitation of the Ganges delta. However, there 
is a general agreement among the geographers and geologists 
that the delta area lies within the lower part of the Bengal 
Basin and it extends upto the Bay of Bangal. But controversy 
arises out of the exact Inland limits of it. The extent of 
the delta has been differently estimated by different authors. 
Owing to lack of proper appreciation of morphological, struct-
ural and hydrological characteristics of the deltaic regions 
there are different views as regards the extent of the delta. 
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Charles Lyell ( 1889 ) first tried to delimitate the 
Ganges delta. He considered that the Genges delta had two 
heads and the delta was the product of the two rivers—the 
Ganges and Brahmaputra. According to Lyell's the demar-
cation of the delta Includes all areas covering north of the 
Padrna* the Ganges-Brahmaputra Doab* the Meghna-Brahmaputra 
Valley and the Pliestocene terraces of the Bengal Basin. 
Lyell's inclusion of the North-Bengal, the eastern-Bengal and 
the floodplains of the Brahmaputra and the Meghna within the 
deltaic territory has no scientific justification. His inclu-
sion of the pliestocent terraces is also beyond and explanation. 
MuXerJee ( 1938 ), in his 'The Changing Face of 
Bengal', has quite arbitrarily included the whole part of 
eastern Bengal lying in the east of the Jamuna. He has 
divided the delta into 'the Old delta* and 'the New delta'. 
His division and demarcation his also no scientific or logical 
basis. 
Although Fox ( 194 2 ) has rightly considered the 
eastern and the western limit of the delta—he failed to 
delimitate the correct northern extent of the delta and 
wrongly included the areas from the Rajmahal to the south of 
the Shillong Plateau as part of the delta. 
Chatterjee has excluded the most active part of the 
delta—the districts of Faridput and Barisal of Bangladesh 
from the Ganges delta limits. His delimitation scheme also 
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has no scientific ground* 
Though Strickland ( 1940 ) did not include the nort-
hern alluvial cones and Pleistocene terraces within his 
demarcation line he has Incorrectly included parts of the 
flood plains of the Ganges, Brahmaputra and Meghna within 
his delta boundary. 
According to Bagchi ( 1944-g), "The area between 
the Bhagirathi and the Meghna ( i.e.* the combined waters of 
the Ganges and the Meghna ) is the only region bounded by the 
distributaries of a river* where physiographic and hydrographic 
characters constituting a delta are distinctly observed" and 
thus he separates the non-deltaic areas from the deltaic ones 
on the basis of structure, hydrography, origin, and landforms. 
His scheme of the delimiting the Ganges delta covers a trian-
gular tract of land with its apex at Gaur and its base, the 
Bay of Bengal. Bagchi's demarcations seem generally acceptable. 
Considering the slope, physiography and nydrographic 
characteristics of the Boral, Dhaleswari and Buri-Ganga Rivers— 
Rizvi :( 1964 ) has included a narrow tract of land lying 
adjacently north of the main channel of the Ganges within the 
boundary of the delta. He has atributed these as the left-
hand distributaries of the Ganges and Brahmaputra respectively. 
He has futher assumed these rivers as the former course of the 
Ganges. 
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Considering the existing physico-hydrological chara-
cteristics of the rivers and the land areas of the region 
the true scientific demarcation of the delta can be drawn 
by delimiting the Bhagirathi-Hoogli distributary channel as 
the western limit# the main Ganges-Padma-Meghna channel as 
the northern and eastern limits and the Bay of Bengal as the 
southern limit of the delta and only this scheme of delimiting 
the Ganges delta can be used for any study or research which 
covers the whole delta area of the Ganges. 
GEOLOGY, THECTONICS AND PHYSIOGRAPHY : 
The Ganges delta occupies the seaward margin of 
the Bengal Basin which owes its origin to the formation of 
the Himalayas and the Indoburman ranges ( Islam, 1978-a ) . 
The delta has been developed at the northern fringe of the 
Bay of Bengal. It has been under sedimentation, accretion and 
erosion processes since its emergence. It is thought that 
some 4000-5000 years have elapsed since the northern bound-
ary of the Bay of Bengal was at or near the Rajmahal and the 
delta has been formed by deposition ( Fergusson, 1863 ) • 
The Bay of Bengal was created at a date later than 
the uplift of the Arakan Yoma arc of the Himalayan orogeny. 
The collision of the Indian plate with the Asian Plate in 
late Paleocene initiated the river of the Himalayas and the 
Indoburman ( Arakan Yoma etc, ) ranges and down buckling 
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along the plate margins* as the sxibducting Indian plate along 
the Indus-Brahmaputra suture got jammed due to buoyancy cons-
traints. ( Deb, 1956 ) . This situation helped the generation 
of the central gneisses in the Himalayas through heat trans-
fer by fluids, local fracturing, and perhaps by local melting, 
which culminated by the Miocene in underthrusting of the Indian 
Plate along the main Central Thrust and the rapid rise of the 
Himalayas and the Indoburraan ranges ( Islam, 1978-b). The 
incipient Bengal Basin, occupying a distal part in the acute 
angle between the two areas, developed during the Miocene into 
a molasse foredeep ( eastern terminal part of the Indo-Gangetic 
molasse foredeep ) and received its share of the huge elastics 
shed from the denudation of the rising Himalayas and related 
ranges. Buoyancy constraints, physical behaviour of the 
underthrusting slab and abnormal structure of the upper mantle 
probably limited the possible length of underthrusting and 
relayed it to the Main Boundary Thrust in early Pleiocene 
( LePort, 1975 ) which continues todate and has led to the 
release of an unusually high amount of sediments carried by 
the Ganges-Brahmaputra system of the region. The upper 
course of the Brahmaputra occupies the zone of subduction 
while the Ganges and its tributaries run across the Main Cen-
tral and Main Boundary Thusts. 
From the foregoing discussion it can be assumed that 
the Ganges delta is located in a mio-geoaynclynal area and its 
genesis can not be explained by the simple infilling of a 
GEOLOGICAL AND PHISIOGRAPHIC SET OF 
THE GANGES DELTA 
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shallow continental shelf with the sediments brought down by 
the Ganges and the Brahmaputra Rivers. Recent geophysical 
investigations in the delta ( Morgan and Mclntire# 195 9 ) 
indicate a slope of the basement complex towards the Naga-
Lushai geosyncline/ i.e./ towards south-east and the basement 
of the southern part of this deltaic region has a continuous 
cover of basalt ( Chakraborty# 1970-a) • This basement complex 
of the deltaic basin is rising since the Pleistocene ( Chakra-
borty, 1970-'b). The Eocene Hinge Zone passes through the 
northern western part of the delta in south-west to north-east 
direction and this plexure has been detected at a depth of 
meter below Calcutta. The western and northern parts of the 7 000 
delta beyond this Hinge Zone is geologically a transitional 
zone between shield and geosyncline. Rest of the delta* lying 
in the south and south-eastern side of the hinge zone consti-
tutes the deeper parts of the Naga-Lushai Geosyncline. 
The study of surface deposition reveals that the 
whole deltaic tract is covered by different forms of sediments 
ranging from clay, silt# sand to other types of swamp and 
marine deposits. In the noxrthern and north-eastern surface 
of the delta the terrace mender and swamp deposits are pre-
dominent. In the mid delta where moribund condition is 
prevailing, intern-stream alluvial deposits can be found. Pure 
deltaic deposits and undefferentiated swamp and deltaic depo-
sits can be seen in the southern part of the delta. However, 
the swamp and marine types of the recent deposits are found 
in the coastal and estuarine parts of the delta. 
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In the southern Bengal Basin where the Ganges delta 
has taken its shape the approximate limit of land built by 
marine agencies is marked by a conex line stretching fron the 
Midnapur coast in the west to the mouth of the Meghna in the 
east. The line has entered deepest in Khulna district where 
it reaches about 112 km. inland from the sea. The line of 
the approximate southern limit of riverine delta runs parallel 
to the line of limit of land built by marine agencies in the 
north and this line has also started from the Midnapur coast 
and enters futher inland and finally reaches upto the conf-
luence of the Padma and the Meghna. The deepest part of 
this line rests at least 240 km. from the coast of the sea. 
PHYSIOGRAPHY : 
Physiographically the Gangest delta presents some 
unique characteristics. The most striking feature of the 
delta is the remarkable stability of the shoreline orientations 
and their azimuthal co-ordinates over the last two centuries. 
Since the time of Rennel's survey ( 1770-'80 ) the shoreline 
of the delta base has not changed ( Basu,and chakraborty* 
1970-b ) . However, the survey conducted in the very recent 
years has revealed that the changes and accretions have been 
taking place in the eastern parts of the delta ( Pramanik/ 
1983- a) and these processes of sedimentation are working to 
change the coastal line of the delta. 
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The entire deltaic region, on the basis of physio-
graphic state of maturity, can be divided into three parts, 
Moribund/ Mature and Active ( Bagchi, 1944-h). The drainage 
condition of different parts of the region provides a key to 
this division. 
Moribund_Section_^: The Moribund part of this delta is charas-
terised by rivers choked with sand and these are unable to 
carry much water except when the Ganges is in high flood. In 
other words, the 'dead' channels of this area have lost conn-
ection with the main channels and have no longer any off-take. 
No silt is added to the region now and active land formation 
has ceased. Besides, a profusion of ox-bow lakes, high plai-
ns well above normal flood level, and interfluve depressions 
which are not being filled up because of the absence of 
annual spread of sediments are some of other characteristics 
of this Moribund part of the dalta. This dead part of the de-
lta comprises major parts of the districts of Murshibadad, 
Nadia and northern portion of 24 Parganas in West Bengal and 
Jessore district* in Bangladesh. The causes of decay of the 
rivers of this part of the delta are attributed as the natural 
outcome of deltaic processes ( Bagchi, 1944-i). The Moribund 
dalta can be classed as a high plain, with many crescent-
shaped ( Ox-bow ) basins which have water in them throughout 
the year. Here the rivers are slightly entrenched. They 
remain almost dry most of the year; during the rainy season 
• The former Jessore or the greater Jessore district. 
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they drain the surface water primarily and in some cases some 
of these may also carry some of the flood water of the Ganges 
as distributaries. 
Mature_De1ta_: The portion where rivers are active yet» but 
have just ceased carrying silt and maintaining their function 
of active land formation can be termed as the Mature delta. 
This section begins from the south of the line joining Calcutta 
and Khulna proceeding due east upto the Madhumati and stretch-
ing upto the Sundarban forests* where the rivers/ the continua-
tions of decaying channels from above, have remained flowing 
from the man-off of the surrounding areas. Inspite of their 
flowing condition these strems can not contribute much to the 
elevation of the land due to lack of sufficient supply of silt 
from upstream. This section of the delta covers the sub-section, 
namely, the Old Ganges floodplain, the Podda-Madhumati flood-
plain, Non-saline tidal floodplain and saline tidal floodplain. 
The central plane of this portion of the delta is getting 
depressed by elevation of the fringe area of this mature part 
and contains bils or marshes here. The rivers flood and 
cause considerable overbank deposition. 
Ac_tive_^ D£lta_< -The active delta comprises the eastern third 
with the coastal belt and contains some bils in its upper 
part. This section of the delta is characterized by active 
streams carrying silt, where land-building process is still 
proceeding in full swing. This active delta covers the sub-
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sections, namely# Active Podda floodplain* MehendiganJ islands 
of the lower Meghna and Meghna Estuarine Islands and chars 
and Meghna Estuarine floodplain* Sundarbans—the famous 
saline mangrove forest of the Ganges delta is situated in 
this active part of the delta. Most of the active part of 
the delta falls within tidal and maritime influence and is 
characterized by shifting rivers and a network of criss-
crossing distributaries and deltaic creeks which have made the 
coastline extremely broken. In the eastern side of this Active 
delta the estuaries and the off-shore shelf are becoming sha-
llow. The vast amount of sediment brought down by the Meghna 
and other rivers has made the estuary and coastal sea shallow 
enough for a considerable distance and several large shoals 
can be observed in these areas which may be consblidated into 
huge off-shore islands in near future. 
OTHER GEOMORPHIC CHARACTERISTICS : 
The depositional and erosional processes in the delta 
proper is fluviol and the fluvio-marine in the coastal part 
of the delta. In the western and eastern section of the delta 
the braided and meandered river channels overflow during 
flooding every year and deposit considerable amounts of silt 
and clay above the bank. The levees slope outwards from the 
river channels into levee flank depressions where in some 
cases marshy conditions prevail the whole year round. Along 
the middle of the delta# there is a wide east-west belt of 
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inter-levee m-arshes call blls with deposits of clays and peats. 
As migration of rivers is a common process in delta building 
operation, all geomorphic features thus produced viz.* fossil 
levees* ox-bow and serpentine lakes, channel fills, river 
scars, etc., are to be found all over the delta. As has been 
mentioned that the delta in general slopes from north-west to 
south-east, the river-levees have been also built relatively 
higher in the north-west. The thickness of recent sediments 
in the delta varies from about a hundred meters in the north-
west to over a thousand meters in the south-east of the delta 
( Sengupta, 1970 ) . 
THE DELTAIC FAN OF THE GANGES : 
This fan is nothing but the submarine part of the 
Ganges delta. This fan has been developed in the shallow and 
wide shelf margin of the Bay of Bengal. The present position 
of the rivers of the delta allows them to by-pass the delta, 
proper to release much of their sediment load into the Bay 
of Bengal where this submarine fan of enormous magnitude has 
grown up. This fan is known as 'the Bengal Deep-Sea Fan' and 
actually it is the submarine continuation of the subaerial 
delta and accumulation of sediments of sub-deltaic Bengal Basin. 
It lies between the Indian east coast and the Ninety east 
ridge and extends up to 7 S. Latitude and has an area of 
about 3,000,000 Sq. km. ( Curray and Moore, 1971-aX. The fan 
is dissected by a large submarine canyon, the Swatch of No 
Ground, 27 km. wide between levee crests and 180 m. deep. 
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The sediments laid down at the mouths of the Ganges are 
distributed over the entire fan fairly evenly by many tiirbi-
dity currents mostly issuing from the Swatch ( Islam, 197^c)» 
HYDROLOGY AND DRAINAGE CHARACTERISTICS : 
The delta of the Ganges is famous for its complex 
network of rivers and streams. The whole delta is criss-
crossed by numerous distributaries of the Ganges. Beyond 
the outfall of the Kosi/ the Ganges turns into the plains 
of Bengal round the outcrops of the Rajmahal Hills receiving 
only a few local drainage channels on the left banks. A few 
km. below Farakka of West Bengal the river starts throwing 
off distributaries that join into the right hand channel of 
the Bhagirathi which once found the main arm of the Ganges. 
Through this channel flowed all the low water discharge of 
the river into the Bay of Bengal ( Bose, 1970) » whereas during 
the flood stages the overflow used to take place through 
the left-arm—the Padma* which after throwing-off distri-
butaries like Jalangi» Mathabhanga-Ichamati-Bhairab/ Naba-
ganga and Gorai* is joined by the Brahmaputra and lateron 
flows into the Bay of Bengal as the Meghna. 
The entire deltaic region of the Ganges is chara-
cterised by deep flooding in the eastern and south-eastern 
parts, cyclones and salinity in the south and drought in 
the high western and northwestern parts. In the southern 
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tidal parts of the delta niimerous estuaries and channels 
criss-cross the flat tracts. Principal rivers which pass 
through this area are the Bhagirathi-Hoogly/ Bhairab-Jalangi/ 
Mathabhanga-Churni/ etc. of the deltaic parts of West Bengal 
and the Gorai-Madhumati/ Arial Khan* Kobadak, Kumar, Naba-
ganga* Bishkhali, Buriswar, Rupsa-Passur» Sibsa and numerous 
other tidal creeks and channels in 24-Parganas* Barisal 
and Khulna districts. 
Southern part/ particularly the suthern part of 
24-Parganas of West Bengal and south-western part of Khulna 
district of Bangladesh is badly affected by saline water 
intrusion. Every year about 11000 Sq.Km. of land is affacted 
by intolarable salinity, of which about 5500 Sq.km. lie in 
the Sundarban areas. 
Rivers__o^ the Eastern De^ta s In the Active and Matiire parts 
of the delta the drainage pattern is very complicated. In 
Bangladesh section of the delta the main grid is based upon 
the Raimangal-Hariabhanga, Kobadak-Arpangasia-Malancha, 
Shibsa-Passur-Marjata and Madhumati-Haringhata rivers, all 
of which flow from north to south. Between the Raimangal 
and Kobadak rivers are the Khulna-Jamuna, Galghasia and 
Dholpetua rivers. The Galghasia joins the Dholpetua rivers, 
which joins the Kobadak to form the Arpangasia. This river 
divides into three. The westernmost, Araibaki is joined 
by the Firingi cross-channel from the Jamuna and, as the 
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Malancha/ flows into the estuary of that name. The eastern-
most» the Bal, Joins the main stream to form the large Bara-
Panga which widens out into the estuary* after the much sma-
ller Malancha/ which also flows Into it. 
Out of the mage of southern deltaic channels* cross-
channels such as the Sakbaria, Bajbata and Koyra connect 
the Kobadak-Arpangasia with the Shibsa. The shibsa is 
formed of the Balta* Gansrail, Bhadra, Dhaki and Deluti 
rivers which drain the Boyra swamps and bring some of the 
Pussure's flow. The Shibsa joins Pussure near the sea to 
form the Morzal river* which flows into the Marjata Estuary. 
The Hansraj-Kaga—a branch of the Shibsa* bifurcates from the 
same and also joins the same. 
Rlvers_o^ the Western Del^ ta t In the western part of the 
delta the drainage pattern maintains almost the same comp-
lex picture. Here* the Bhagirathi-Hoogly channel is the 
major river and itself was a former main flow of the Ganges. 
The Bhagirathi takes off on the right bank of the main 
channel of the Ganges in the district of Murshidabad and 
after traversing a distance of 550 km. falls into the Bay 
of Bengal. The non-tidal part of the river extending from 
the off-take to Nabadwip* a distance of about 240 km. is 
known as the Bhagirathi while the tidal reach from Nabadwip 
the Bay* a length of about 320 km.,is known as the Hoogly. 
The left bank tributaries of the Bhagirathi are the Bhairab, 
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Jalangi and Mathabhanga. These three rivers are refferred 
to as the Nadla rivers. There is only one significant tributary 
of the Hoogly on the left bank, viz»,the Churni which joins 
the river at Hanskhali. The main flow of the Mathabhanga 
debouches onto the Bay of Bengal as the River Ichhamati. 
The tract betwwen the Churni in the north and Barasat in the 
south of western part of the delta represents the Moribund 
section of West Bengal. Ox-bow lakes, filled-up channels and 
many back-swamps and bils exhibit a decaying and poor drainage 
condition of this tract of the delta. Suhas bil and Krisnasali 
bil are two noteworthy low-lying areas of the north-western 
Ganges delta. The Matla, Jamira (Thakuran) , Saptamukhi and 
MuriGanga are some of major estuaries of the western Sundarbans. 
In the active or southern part of this delta choking up of 
the channels of the distributaries are causing water logging 
and lead to marshy conditions. 
Other Hydrological Features and Char£c^eri_stl^c^:_ Beside 
rivers and estuaries lakes (bils), depressions, marshes and 
abundoned channels give the delta a distinct hydrologic nature. 
In the interior part of the delta parallel to the coast there 
are a series of low lying depressions known as the delta flank 
depression. These depressions extend from the Salt Lakes (West 
Bengal) in west to the marshes and morasses lying in the 
south-estern part of Faridpur district (GopalganJ) and north 
of Barisal district of Bangladesh. During the dry season, the 
discharge of fresh water from various rivers and channels 
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accumulate here and being obstructed by the saline water 
from the see, form a vast expanse of still water where 
sedimentation proceeds slowly, as the silt and sediment 
brought by the rivers during this period are comparatively 
small. During the rainy season, however, sedimentation in 
these depressions occurs rapidly. 
In the deltaic region the occurences of floods are high 
during the wet seasons. Floods take place when the major rivers 
of the delta attain bankful stage and the rainfall cannot be 
accomodated in the valley sections or drained out. The rivers 
become swollen and overflow the banks and ultimately inundate 
the lowlying depressions. The drainage channels of the tidal 
section of the delta are silted up and heavy local rains fill 
the bils of the area (Satkhira, Barasat etc.X Further south the 
Monsoon runoff and the highest nip-tides coincide and the 
resultant phenomenon is the congestion of the drainage channels 
of the Sundarbans. 
In most of the deltaic region of Western Bengal the 
problem of water logging is acute. The same conditions also 
appear to be acute in some north-western parts of deltaic 
part of Bangladesh. The rivers of the delta have a very gentle 
seaward slope or gradient. For most of the deltaic areas the 
slope is less than •4dmeter per km. ( Sen, 1970 ) and water-table 
reaches near the surface during the wet season. Owing to the 
poor drainage system the soil remains wet for a large period of 
time. But in Winter, serious water defici-t is observed in the 
delta. 
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During the months of rains discharge of the Ganges 
rises to the order of 750,000 Cu.m./Sec with corresponding 
increase in its sedimentload (Islam, 1978-c) • Scouring and 
badload movement is very high during this period and the 
channel profiles take only hours to change shape. The fall-off 
stages of the rivers of the upper delta continue until Octo-
ber when low-level periods for the rivers ensue.. The low-
level discharge of the Ganges is of the order of 15,000 cu.m*/ 
Sec.(Islam, 1978-d) and naturally very little sediment is 
borne by the rivers during this low-level period. 
In the deltaic part of the Ganges the highest water level 
I4.9 m. was observed in August, 1954and in 1918, and the lowest 
(under normal condition) was $«8 m. in April-May, 1918 (Taraf-
dar, 1974 ). However,now a days, after construction of the 
Farakka Barrage, the discharge alongwith the water level have 
reduced tremendously. The discharge of the Ganges at Hard-
ringe bridge reached a record low of 7000- cumec. on 29th 
March, 1976 compared toihe historical average of 20,000 
cumec. in the same period over the past years (Shafi, 1982 ) . 
In dry seasons discharges sometimes become nil in the lower 
part of- the barrage in Bangladesh region. 
In the deltaic area of the Bengal Basin the Ganges is 
l«6to8»0km. wide and despite having broad meanders shows 
nonetheless a braided character. Only the distributaries of 
the Ganges flow across the delta and they meander with 
occasional mid-channel bars. During the low-level period, 
the divided flows occupy the thalwegs% Meandering loops 
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of the larger streams of the delta continuously migrate 
downstream. 
Erosion is also not uncommon in the deltaic rivers. As 
the waters rise, the sand bars as v;ell as the river banks 
are threatened with erosion. Where the situation permits, 
the increasing hydrological efficiency of the rising waters 
cut under the bars and river banks, or the wandering of the 
thalwegs cause erosion through, washouts or bank slumping. 
Erosion continues throughout the flood stage and may cause 
shifting of the river course by bank erosion or by avulsiovi 
which is a rare event. As the falling stage ensues, the 
waning hydrologic efficiency of the delta-rivers result in 
the quick formation of sand bars whenthie flows are pushed 
back into the thalwegs. The river vv^ ater levels fall much 
faster than the ground water tables of adjacent lands from 
where the seeping in of water causes some amount of bank-
slumping during this time (Islam, 1978-e) . However, these 
depositional and erosional processes in the delta proper is 
fluvial and those in the river channels have been mentioned 
earlier. 
Tida_l and Marine^  Influences : The Ganges delta owes much to 
the tidal influence and the southern portion of the delta 
experiences this influence significantly. The tidal range 
at the Padma-Meghna mouth is 5.64 m. The Monsoonal drift 
and flood discharges in summer coincide to cause local rise 
of the sea-level by upto 1.5 m. The Bay of Bengal remains 
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rough during the Monsoon. Thus the delta shore-line is 
subjected to a half-yearly alternation of high and low wave 
energy environments. As has been mentioned earlier* the 
sediments brought down by the Ganges - Brahmaputra-Meghna 
systems are distributed over the Bengal Deep-sea Fan by 
turbidity currents. They behave like subaerial rivers in 
depositional and erosional processes in the fan (Curray and 
Moore# 1971-b) . The hyperpycnal (higher density) flood flows 
carrying substantial amounts of coarser elastics are compe-
tent to carry out these processes. Flocculated finer sediments 
laid down during hypopycnal (lower density) flow in winter 
causes sheet deposits but higher hydraulic head during this 
period probably carry away the sediments as shown by finer 
sheet deposits in the distal fan (Islam, 1978 )• Besides/ 
the secondary factors like diurnal ebb and flow, seasonal 
rise of the sea-level, annual cyclonic sea-surges, and long 
shore drifts play their roles in redistributing the sediments. 
In effect there is a continuous process of construction and 
distruction of the growing delta, the net results being always 
positive (Islam, 1978-f) . Curray and Moore (l97t-c)have found 
that the average rate of sedimentation in the Bay of Bengal 
is in the order of 38 cm. (compact) per 1000 years and at 
the delta head is about double this value. 
SOIL CHARACTERISTICS OF THE DELTA : 
The soils of the delta of the Ganges are highly characte-
rised by both the fluvial and marine influences. The northern 
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half of the delta exhibits fluvial characteristics of soil 
while the soils in southern and the coastal tracts clearly 
demonstrate marine attributes. 
Along the Ganges the chars or sand bars have calcareous 
silts and sands with some loams in northern Faridpur of Bangla-
desh. In the Moribund delta of Nadia, Murshidabad (w. Bengal) 
and Jessore (Bangladesh) areas clay occupy 60 percent in the 
West and 70 percent in the East, mainly in basins and swales 
(Rashid, 1977-a)• The ridges have loams/ with sand locally in 
the western part of the delta. Small patches of high alcali-
nity occur on ridges in the west-central part. In the south-
west (24-Parganas & Khulna Districts) there is often a peat 
layer in ithe sub -soil/ and along the Immature or Active 
parts of the delta there are occasional patches of Khoi (acid-
sulphate) soils. In most parts of the. .Mature delta clays 
occupy 80 percent area (Hussain* 1974 ) . In the delta basins 
of the east-central areas the soils are mainly peat and muck, 
sometimes with a clay soil. In southern Ganges delta or Active 
delta the soils are mainly heavy clays with some loams on the 
swales. In the Immature or Activ delta the soils are also 
mainly heavy clays and often acid sulphate (Rashid, 1977'l3)» 
The soils of southern Bhola Island (Bangladesh) and the 
numerous chars (bars) of the Padma-Meghna estuary is mainly 
young alluvial silt. They usually become saline at the end 
of the dry season. The north-eastern part of Bhola Island 
has heavy loams. Further north the chars of the lower Meghna 
(The Mehendiganj islands) have loams on the ridges and friable 
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clays in the basins in to older formations and mainly silts 
in newer ones. The influence of the Ganges is seen in the 
calcareous nature of these soils. (Rashid# 1977-c) , 
The soil of the coastal part of the delta have been 
formed from deposits brought by tidal currents. Here the 
original deltaic branches of the Ganges had been choked up 
because the headwater was cut off. As a result nximerous tidal 
flats (mud-flats) were formed. These were subsequently pro-
tected to prevent ingress of sea-water. The parent deposits 
are either rich in calcium or magnesium or consist of half 
decomposed organic matter (Gupta and Mukherjee* 1970~a), 
On the basis of the chemical composition of the coastal soils/ 
they are classified as saline/ non-saline alkali, alkali and 
degraded alkalisoils (Gupta and Mukherjee, 1970-b) . These 
soils occur in the districts of 24-Parganas/ Howrah (W. Bengal), 
Khulna# Patuakhali and Barisal (Bangladesh) districts of the 
delta* 
The textural distribution and soil profile development 
of the alluvium of the Ganges delta are entirely due to the 
past behaviour of deltaic rivers. The riverine soils have 
immature soil profile* The older floodplain deposits located 
at comparatively higher elevations along the courses of the 
main channels possess mature profile and have better drainage 
facilities. In the depressions and backswamp areas the problem 
is created by puddling. The coastal soils are under the influence 
of tides and the silt ingress due to the encroachment of sea 
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water and these Increase the soil salinity. The salt content 
is higher in the depressions and then in the former channel 
beds of the coastal region. 
Another significant group of soils are the Sundarban 
soils. These soils occupy the southern portions of the 
districts of 24-Parganas, Khulna and south-western corner of 
Barisal. These soils are light grey, pale-olive or olive-grey 
in colour. The parent material is the Ganges alluviiim. The 
morphology of the soil profile indicates that the profiles are 
of very recent origin. The soils have not yet received enough 
time to reach maturity so that soil horizons are imperfectly 
developed. There are no signs of water logging within the 
profile but soils are generally moist. Organic matter in the 
soil is low. Soils of the Sundarbans contain mainly clay, silt 
and fine sand. Texturally soils of this area of the delta are 
either silt-loams or clay-loams. It has been found that pro-
portion of clay increases with depth here. 
CLIMATIC CHARACTERISTICS : 
Temperature t The climate of the Ganges delta is of tropical 
monsoon type with distinct dry season in the low sun period. 
January is the coldest month when temperature sometimes falls 
below 10 C. However/ the ameliorating effect of the sea .intakes 
the climate quite pleasant. Summer months are hot and oppressive 
with average temperature reading above 30°C., and absolute 
maxima may approach 38°C. or 40°C. 
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Ra^n^a^l__ : In the deltaic region rainfall begins in the 
months of April-May and continues till Octoberj ravaged by 
Nor*Wester storms in the month of April and May and sometimes 
in March. These sudden and violent storms usually develop in 
the afternoon and are accompanied by thunder* lightning and 
torrential rain for a short duration. In the middle of June 
the monsoon sets in vdth abundant and widespread rainfall 
which may exceed 2000 mm. in many southerly stations in the 
delta. It has been found that the intensity of rainfall is 
greater in July and October. The intensity of rainfall is 
higher in the south and south-eastern parts ofthe delta. The 
distribution of the average rainfall makes the isohyets swing 
round in a curve from the south towards the east and then to-
wards the north-west. The southern coastal line of the delta 
experiences an annual average of about 2800 mm. rainfall. The 
1800 mm. isohyet pesses south of Khulna town (Bangladesh) and 
Calcutta (W. Bengal)• The same isohyet line also crosses just 
north of Paridpur town and most of 24-Parganas, Khulna, Barisal 
and the estuarineIslands of the Padma-Meghna mouth enjoy annual 
rainfall ranging from 1800 mm. to more than 2800 mm. To the 
north of the 1800 mm. isohyet line the annual average rainfall 
decreases gradually towards north and south-weatern parte of 
the delta. Northern parts of the district of Khulna, whole of 
Faridpur and Jessore districts, most of Kustia and Nadia 
districts fall within the isohyets of 1800 nrn. (in the south) 
and 1400 mm. (in the north-west)• Only the district of Murshidabad 
in West Bengal of the deltaic region enjoys an annual average 
rainfall of less than 1400 mm. 
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Atmospheric Pressure : During the cooler months (mid-Novem-
ber to mid-February) the delta of tiie Ganges stands at the 
edge of the vast high pressure area of the Gangetic plain. 
The mean pressure is 1/020 millibars in January. As a result 
there is a flow of air down the Brahmaputra and the Ganges 
Valleys towards the delta. Considerable changes take place 
in the next few months. From March to September* it is an 
area of low pressure* the average being 1/005 millibars. 
The Inter-Tropical Zone of Convergence moves north till it 
is over northern part of the Bengal. The reversal of winds 
consequent in pressure changes in May-June and October -
November often causes violent storms. 
CHAPTER - V 
CHANGES IN THE MORPHOLOGY OF THE GANGES DELTA 
The morphology of the Ganges delta* especially 
its fluvial morphology is undergoing constant change. Since 
the making of the first authentic map of the Bengal region 
by Major James Rennell in 1780 (after his survey of the 
province in 1764-7 9)/ considerable changes have occured in 
the courses of the major rivers as well as of the other 
channels of the delta and these change have affected the 
entire morphological pattern of the delta and its surroun-
ding areas. Similar change had taken place during the past 
centuries about which scholars have only a vague information 
from a number of indirect sources. Hardly anything is 
known about the morphology of the Ganges delta or the cour-
ses of the rivers of the delta in pre-historic times. The 
coastline of the Ganges delta has been experiencing consi-
derable change and evolution like the changing courses of 
the delta-rivers. An attempt has been made to findout these 
changes and evolution of morphology of the Ganges delta 
since the Survey of Rennell (1780) upto recent years (1979) . 
In order to achieve this end studies have been made to 
findout the changes in the course of the main channel of 
the Ganges (the Padma)# to understand the morphological 
changes in the coastal areas of the delta and to understand 
the changes in the major rivers and other fluvio-morphic 
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f e a t u r e s i n t h e Ganges d e l t a . I f t h e map of R e n n e l l (1780) 
i s t a k e n a s t h e b a s e - m a p a c o m p a r i s o n c a n be made w i t h 
t h o s e of t h e n e x t two c e n t u r i e s . The d e t a i l s of t h e 
me thodo logy of t h e i n v e s t i g a t i o n h a v e a l r e a d y b e e n e l a b o r a -
t e d i n t h e second c h a p t e r . 
CHANGES IN THE COURSES OF THE MAIN-CHANNEL OF THE GANGES : 
The s e c t i o n of t h e main c h a n n e l of t h e Ganges which 
h a s b e e n s e l e c t e d f o r t h e p r e s e n t s t u d y s t r e t c h e s from 
S h i b g a n j of R a j s h a h i d i s t r i c t t o Chandpur P o r t i n B a n g l a d e s h . 
T h i s s e c t i o n of t h e Ganges f o l l o w s t h e n o r t h e r n and n o r t h -
e a s t e r n bounda ry of t h e d e l t a and c o v e r s a l e n g t h of a b o u t 
540 km. 
For t h e p u r p o s e of c o m p a r i s o n / R e n n e l l ' s map (1780) 
of t h e d e l t a h a s been s e l e c t e d a s t h e b a s e - m a p . The t w o 
o t h e r maps — one t h a t of t h e Survey of I n d i a ' s (1880) and 
t h e o t h e r p r e p a r e d from t h e SPARRSO ( B a n g l a d e s h ) ' s LANDSAT 
i m a g e r y (197 9) h a v e been u s e d i n t h e p r e s e n t s t u d y . I n 
t h e c o m p a r a t i v e a n a l y s i s / c h a n g e s i n t h e main c h a n n e l of t h e 
Ganges (Padma) h a v e b e e n i n v e s t i g a t e d f o r t h e l a s t two 
c e n t u r i e s . Fo r c o n v e n i e n c e of t h e s t u d y , t h e t o t a l l e n g t h 
of t h e Ganges xinder s t u d y i s d i v i d e d i n t o two s e c t i o n s / 
i . e . / (a) S h i b g a n j t o A r i c h a ( F i g . 8 ) / and/ (b) A r i c h a 
t o Chandpur ( F i g . 9 ) . However/ t h e whole l e n g t h of t h e s e 
two s e c t i o n s of t h e c h a n n e l h a s be^i>-shown iri"-"^?^^^i4jfir. 7 
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togather. Among these two sections of the channel underr^ 
study significant changes in the course of the river can 
be observed in the first section (Fig. 8 ). In the second 
section ( Fig. 9 ) / significant shifting of the courses can 
be seen in the lower portion of the channel in the last two 
centuries. 
(a) ^ hJ^ t>2anj_to Ari^ cha : This section of the main channel 
of the Ganges stretches from Shibganj of Rajshahi district 
in the north of the delta to the confluence of the Brahma-
putra (Jamuna) and the Ganges (Padma) at Aricha ( Fig. 8 ) • 
Significant shifting of courses can be observed in this 
section of the channel when compared with the map of Rennell 
(1780) and the map of the Survery of India (1880) , Larger 
meanders can be seen in all the three maps of this section 
of the Ganges (Padma). In 1780 (Rennell's map) the Ganges 
used to flow through a rather straight and wide channel. 
The width of the channel in this section has gradually been 
reduced since 1780, 
On the map of the Survey of India (1880) near 
Charghat the Ganges has shifted to a distance of about 32 km. 
from its former course of 1780 and near Pakshi the channel 
of the river has shifted 24 km. north of the postion in 
1780. From 1780 to 1880 the changes in the width in this 
section of the Ganges is almost half of the width of the 
river in Rennell's time. In the Rennell-map the confluence 
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of the Brahmaputra with the Ganges is completely absent 
because at that period the Brahmaputra used to fall into 
the Meghna independently. In the map of the Survey of 
India (1880) one can see this confluence (with the Padma 
or the Ganges) at the north of Aricha. 
In between 1880 and 1980 further changes have been 
recorded in the course of the Ganges in this section. In 
1979 (SPARRSO-map) / on an average the main channel of the 
river has shifted 25 km. south of the course it occupied 
in 1880. Although at two places the reverse situation can 
be seen. Near Ratanbari the channel has shifted to about 
12 3cm. north of the 1880's position and near Aricha it has 
moved about 8 km. north of its former course during the 
last 100 years (in 1979), The width of the channel has 
also been further reduced significantly in the present 
century. Another striking feature of the changes in the 
course of the Ganges in the last century is the westward 
shfifting of the confluence of the Brahmaputra with the 
Ganges. In 1880 this confluence was in the north of 
Aricha. But in the 1979-map, this confluence has shifted 
to atleast 25 km. west and at the same time the mouth of 
the confluence of the Brahmaputra on the Ganges has also 
widened atleast fourtimes of its width during the past 
hundred years. The number of tributaries and distributa-
ries of the main channel of the Ganges has also been 
reduced through centuries. This reduction in the number 
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of distributaries and tributaries in the upper section of 
the channel in the northern delta is a normal feature of the 
mature stage in a delta-cycle. 
(b) Ari_cha_to Ch^ndpur : It will the seen from the map of 
Rennell(1780) and the Survey of India map (1880) that 
significant changes in the lower course of the Ganges have 
occured particularly from Aricha to Chandpur ( Fig. 9 )• 
Rennell's map (1780) indicates that in that period it used 
to meet with the Meghna near Mehendiganj/ a place about 
6 5 km. south-west of the present confluence. This shows 
that in the last hudred years the main channel of the 
Ganges has shifted to atleast 65 km. east of its former 
position to the present confluence with the Meghna near 
Chandpur Port. From Aricha to Lauhajang the channel has 
maintained almost the same course since 1780 to 1880. 
However/ due to the confluence of the Ganges with the 
Meghna at Chandpur/ the downward width of the river has 
expanded significantly. At some places this change in 
width is about double and somewhere even more than double 
the width of Rennell's time. In this second section 
( Fig. 9 ) of the channel/ from Aricha to Chandpur/ little 
change in the sinousity or meanders can be seen among 
the three maps of 1780, 1880 and 197 9. Moreover, in this 
section the channel has been maintaining a rather straight 
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CHANGES IN THE COURSE OF THE MAIN 
CHANNEL OF THE GANGES: 
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course throughout the two centuries. Rennell's map (1780) 
indicates the presence of very few number of sandbars or 
chars in the course of the Ganges. The Survey of India-map 
(1880) and the SPARRSO (LANDSAT) map of 197 9 indicate the 
presence of numerous chars or sand bars along the course of 
the channel. Near the Bagharchar/ the Survey of India map 
shows significant change in the course of the main channel 
of the Ganges where it leaves its course of 1780 and flows 
towards left and instead of its former southerly direction 
it flows in a easterly course to meet the Meghna'near 
Chandpur. The Survey of India-map of 1880 also shows the 
presence of increasing number of spill-channelIs in compa-
risom to its 1780's course in this section of the Ganges. 
The significant change in the course of the main 
channel of the Ganges in this section in between 1880 and 
1979 is the increase in the width of the channel throughout 
the length of the river from Aricha to Chandpur. For most 
of the course the channel has roughly maintained its left 
side limit but erosion has taken place mainly on the right 
bank and the width of the channel has increased along the 
south or righ*—side bank of the channel in 197 9-map. 
However* near at Lauhajang the channel has shifted towards 
a little northward in the current century. 
Considering the above mentioned three maps it is 
clear that the course of the main channel of the Ganges is 
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highly fluctuating and unstable/ particularly in its lower 
portion along the delta. In the map of Rennell (1780) the 
direct distance of this section (Shibganj to Chandpur) of 
the main-channel of the Ganges was 440 tan. and the actual 
river distance was 560 tan. In 1880 (Survey of India map) 
the direct distance increased to 448 km. and the actual •  
distance to 6 00 tan. and in the map of the SPARRSO (197 9) 
the distance of this section of the Ganges is 480 tan. 
and the river distance is recorded as 540 km. This state-
ment indicates a gradual increase in the direct distance 
of the main channel of the Ganges in the last tv;o centuries. 
But the actual river distance has reduced in the last 
centuries. The decrease in the sinousity of the river is 
responsible for this reduction in the actual river-distance 
in the channel in the last century. 
One of the major causes of this reduction in the 
river-distance in the main channel of the Ganges is the 
reduction in the meanderlengths of the channel in the 
recent years. Moreover* the rate of siltation in the 
channel bed has been accelerated significantly in the 
Ganges in the recent years. The process of siltation in 
the Ganges gains momentum in the dry season. The constru-
ction of the Farrakka Barrage near the apex of the delta 
is also working in favour of this process of siltation in 
the main channel of the river. Besides* the flood water 
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Carries a huge quantity of sediments to the delta r ivers 
and part of these sediments i s normally accumulated e i ther 
in the bottom of the channel or on the banks of i t . The 
cc^tinuous process of th i s s i ta t ion in the channel i s 
causing reduction in the river-distance in the main channel 
of the Ganges. The fluctuations in the to ta l discharge 
and the variation in the rate of sedimentation in the main 
channel are responsible for the changes in the course of 
the Ganges alongvd.th the changes in the number* position* 
s ize and shape of the channel bars or chars and d i s tr ibu-
t a r i e s of the r iver . 
CHANGES IN THE COASTLINE OF THE GANGES DELTA t 
The ganges delta has been under the sedimentation* 
accretion and erosion processes since geological past and 
all these processes have been shaping and reshaping the 
coastline of the delta from time immemorial. It is thought 
that some 4000 to 5 000 years have elapsed since the northern 
boundary of the Bay of Bengal was at or near the Rajmahal 
and the delta has been formed by deposition (Fergusson* 1863) . 
However* acording to Choudhury (1959) the present northern 
boundary of the Bay was further south and the whole of the 
present northern Bay was dry land during the late Pleisto-
cene time and the region went under water due to the rise 
in sea level through the melting of glaciers. All these 
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statements clearly indicate the changes in the coastline as 
well as the morphology of the Ganges delta. In the present 
discussion an attempt has been taken to findout the changes 
in the coastline of the delta in the recent centuries* 
Considering the Rennell-map (17 80) as the base map changes 
in the coastline of the delta have been investigated for 
the next two centuries. For the purpose of comp^arison the 
two maps of 1880 and 197 9, prepared by the Survey of India 
and SPARRSO (Bangladesh) respectively, have been selected. 
The coastline of the Ganges delta is extended 
from the mouth of the Hooghly-Bhagirathi in the west to 
the mouth of the Padma-Meghna in the east. This coastal 
area of the delta is confined roughly in an area in between 
longitudes 80° o' E. to 9l°0' E. and 21°30< N. to 22°30' N. 
latitudes ( Fig. 14 ) . 
The analysis of different maps of the Ganges delta 
reveals some morphological characteristics of the coast of 
the delta. These include the presence of a vast networlc of 
rivers; a large number of islands in between channels? a 
funnel shaped and shallow northern margin of the Bay of Bengal 
in the north of which the coastline of the delta is located. 
Moreover#the coastal areas of the delta is characterized by 
an enormous discharge of river water heavily laden with 
sediments, strong tidal and wind actions and tropical 
cyclones and the associated storm surges. 
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These factors act In complicated ways to bring 
about geomorphological changes in the coastal areas of 
the delta. 
The present longitudinal extent of the coastline 
of the delta is 315 km. In the time of Rennell's survey 
the maximum logitudinal extent of the Ganges delta-coast was 
about 290 km. At that time the main channel of the Ganges 
(Padma) was flowing to the Bay of Bengal across the east 
of the Dakshin Shabazpur Island (Deccan Shahbazpour I.) as 
a separate channel. To-day this channel is known as the 
Tentulia river. In 1880's map of the Survey of India the 
Ganges (Padma) and the Meghna emerged as a single channel 
at the lower course and fell into the Bay of Bengal by the 
name of the river Meghna. The combined flow of these two 
channels used to flow along the south-eastern coast of 
Noakhali district and east of Hatia Island. In that 
period it appears that the lower course of the Meghna was 
bifurcated into the Shahbazpur river and the Hatia channel. 
In 1880, the coastline of the Ganges delta was extended to 
the eastern part of the Sandwip (Sidi) Island to the east 
and from west to east the coastline of the delta was 
extended on 345 km. The changes in the longitudinal extent 
of the delta was recorded mainly in the eastern part of the 
delta in the map. In the sestem limit the extent of the 
delta is almost static along the mouth of the Hoogly river. 
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I'lgure s 10 shows a comparative study of the 
latitudinal changes in the average coastal extents of the 
Ganges delta from the mouth of the Hoogly in the west to 
the mouth of the Ganges (Padma)-Meghna in the east* The 
average latitudinal southern limits of different spotJ9:in 
the delta have been added to construct an average coastline. 
Thus three average coastlines have been drawn-up for the 
years 1780, 1880 and 1979 in the light of the maps of 
Rennell, Survey of India and SPARRSO (Bangladesh) respecti-
vely. The comparative analysis of these three average 
coastlines show a clear picture of the latitudinal shifting 
in the coastline of the Ganges delta over centuries. These 
changes can be marked throughout the coastline of the delta. 
However, significant or remarkable shifting of the coastline 
can be observed in the eastern part of the delta in the last 
century. Very little change in the coastline can be seen 
in the western half of the coastline of the delta extending 
from the mouth of the Hoogly (88^0' E. long.) to the west 
of the mouth of the river Tentulia (90°20' E. long.)• In 
this western coast of the delta the average oscillation of 
the coastlines in the different maps is less than 10 km. 
From 88°0' E. long. (Hoogly mouth) to 89° 45* E. long, the 
Rennell-map (1780) maintains the highest southexni coastal 
limits. The recent map (1979) of the SPARRSO (Bangladesh) 
indicates that in the recent years almost no gain of land 
is recorded in the western coast of the delta and in some 
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places substantial coastal erosion can be observed. In 
the mid-coastal area (89° 40' to 90° O' E. long.) the 
coastl ine i s protruding a l i t t l e south. But a l l these cha-
nges are rather ins ignif icant . This comparative analysis 
shows that in the western half of the Ganges del ta sea-ward 
progressicxi of the land i s almost s t a t i c or for most of 
the pplaces i t i s negative. But in the eastern half of 
the coast of the delta the phenomenon i s different . Marked 
changes or shifting in the coast l ine can be observed here. 
A comparison of Figure 12 » 13 and 14 shows that in the 
eastern section of the delta southward accretion of land 
or seaward progression of the delta has been going on in 
the current century. This assertion finds support i f a 
comparative study of some recent maps i s made (Fig. 11 ) . 
The delta building ac t iv i t i e s have gained mcxnentum in the 
recent years and the mouth of the Meghna-Padma i n ' t h e 
northern Bay of Bengal has become the place of the highest 
accretion of the de l ta . In the 1880-map the delta coast-
l ine shows an abrupt northward shif t to 90 20^ E. long. 
But in 1979*s map the coastline i s almost straight., and 
the northerly curve of the coast l ine has become sufficiently 
even. An increasing rate of sedimentation in the offshore 
sea of t h i s area in the las t few decades i s responsible 
for t h i s progression of the coas t l ine . Besides the changes 
in the coastline of the dalta in the l a s t few centur ies , 
significant changes in the size# shape location* position 
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and number of different coastal islands and channels can 
be observed in the comparative analysis of the mapes of 
last century (Fig.11 ). 
Although, the month of the Hoogly has maintained 
its position intact throughout the last two centuries* in 
the recent years (1979, SPARRSO) it has lost its size and 
depth significantly. In the map of SPARRSO (197 9) the 
presence of huge sandbars at the mouth of the Sagar Island 
of the mouth of the Hoogly can be seen. In Rennel's time 
(1780) the Sagar Island (Sagor I.) was a huge fragmented 
island and it was located 7 )cm. north of the Parallef of 
21° 30* N. lat. In the map of the Survey of India (1880) 
this island becomes one single unit and stands 16 km. north 
of the said parallel. In the recent years this island has 
further lost its area and stands about 20 km. noirth of the 
parallel of 20 30* N. lat. In the recent maps the 
emergence of a few new islands like the South-Talpatty 
(New-Moore) at the mouth of the Hariabhangha can be observed. 
In the eastern delta coast the changes of the coastal feat-
ures are also very prominent. Rennell's map indicates that 
in 1780 the Rabanabad Island was a single island. In the 
map of 1880, this island got a fragminted shape. In this 
map, the estem off shore sea of the delta exhibits the 
formation of numerous submerged islands. From the mouth 
of the Marjata river (89° 30' E. long.) to the Hatla Channel 
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(90° lO' E. long.) a continuous chain of these shallow 
submerged land masses was extended upto 20 km. southword 
from adjoining mainland or main islands. In this map (1860) 
the size of other eastern islands was also enlarged. In 
1780-map the Dakshin Shahbazpur Island (Deccan Shabaz Pour) 
is a single Island and can be seen in between the parallels 
of 90° 40' to 91° 0' E. long. But in 1880-map this island 
shows a fragmented appearance and comes nearer to the 
parallel of 90°30' E. long. The presence of Bhadura Island 
at the south-western corner of the Dakshin shahbazpur is 
another significant feature of the map of 1880. The 
SPARRSO map of 197 9 shows a completely different picture. 
Here the Hatia Island along with other smaller island at 
the m>outh of the Meghna-Padma have becoR\e part of the 
deltaic islands. In the southern extremity of the eastern 
off shore part of the Ganges delta* the emergence of some 
medium size islands and sub-merged chars can be observed. 
Among these islands the 'Kijhum Deep' and 'Urir char' are 
important. 
A comparison of the different maps covering the 
period from 1780 to 197 9 shows that the land area in the 
eastern coast of the Ganges delta has increased substan-
tially over the last 200 years. Spectacular change occured 
in the islands of this part of the delta. For instance, 
the Hatia Island has experienced a very noteworthy change 
and the northern part of this island has joined the 
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mainland. The following table shows the changes of areas 
of some of the major islands along with the accreted main-
land areas of the eastern part of the delta. The areas of 
these islands and the mainland have been calculated with 
the help of planimeter (Fig. 11 ). 
CHANGES IN THE AREAS OF THE EASTERN GANGES DEI/TA 
( A r e a I n sq* km.) 
Year 
1780 
1880 
197 9 
Source 
* 
** 
*«* 
Hatia 
372 
470 
370 
Sandwip 
480 
502 
290 
Shahbazpur 
730 
800 
347 
Manpura 
180 
39 
120 
Other 
islands 
150 
60 
70 
Main-
land 
2766 
2362 
4110 
Total 
4678 
4233 
5307 
* = R e n n e l ' s map, ** • S u r v e y o f I n d i a map, *** = SPARRSO ( L A N D S A T ) - m a p . 
The above table gives a clear idea about the changes 
in the area in the coastal part of the eastern delta. In 
1780, the area of the Hatia Island was 372 sq. km. In the 
next 100 years it gains about 100 sq. km. In the map of 
1979 (SPARRSO) this island ia again reduced to its former 
size of Rennell's time. This reduction is due to the 
merger of its northern elongated parts with the main land. 
The island of Sandwip of this part of the delta also shows 
the same tendency. In 1780 it has a total area of 480 sq.km. 
In 1880, its area increased to 502 sq. km. and in 1979 it 
was reduced to 290 sq. km. only. Massive bank erosion is 
responsible for this huge loss of land in the island. 
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The Island of Shahbazpur reduced its size due to the 
merger of parts of the island with the mainland. In the 
last 200 years this huge island has lost its morethan half 
of the area. Significant increase in area can be observed 
in the south-eastern part of the coastal areas of the delta-
mainland. Since the Rennell's survey* this part of the 
delta gained about 1300 sq. km. new area. The increase in 
this area in the mainland of the eastern coast of the delta 
is due to accretion of new land in the off shore sea 
adjacent to the mainland. In 1780, the total area calcu-
lated in this part of the delta was 2766 sq. km. In 1880 
this area was reduced to 236 2 sq. km. and in 197 9 the area 
increased to 4110 sq. km. Thus in the table* a total of 
4678 sq. km. of land of this part of the delta in 1780 
has changed to a total 5307 sq. km, area in the map of 
1979 ( SPARRSO)• Here a net gain of morethan 600 sq. km. 
area can be observed in this part of the whole delta in 
the last two cunturies. 
Nearshore sedimentation of the combined flows of 
the Ganges-Meghna and the Brahmaputra rivers in the 
eastern part of the delta-coast is responsible for the 
formation of new lands at and near the mouth of these 
rivers and as a result of this accretion the gain of 
about this 600 sq. km. of new land in the eastern part of 
the delta has become possible. Besides* the construction 
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of a niixnber of c r o s s - d a m s a l o n g t h e mouth of t h e Meghna h a s 
a c c e l e r a t e d t h i s p r o c e s s of a c c r e t i o n i n t h e r e c e n t y e a r s . 
T h i s c o n s t r u c t i o n of dam i s a l s o r e s p o n s i b l e f o r t h e g a i n 
of l a n d i n t h e r e c e n t y e a r s * 
CHANGES IN THE MAJOR RI\'ERS AND OTHER MORPHOLOGICAL 
FEATURES IN THE GANGES DELTA : 
S i n c e 1780 ( R e n n e l l ' s Survey of t h e Ganges d e l t a 
a r e a ) u p t o 197 9 many s i g n i f i c a n t c h a n g e h a v e t a k e n p l a c e 
i n t h e ma jo r s t r e a m s * e s t u a r i e s # marshy l a n d s ( b i l s ) and 
f l o o d p l a i n s of t h e Ganges d e l t a . The p r o c e s s o f t h e s e 
c h a n g e s a l o n g w i t h t h e s h i f t i n g of t h e c o u r s e s of t h e d e l t a 
r i v e r s a r e s t i l l t a k i n g p l a c e . Most of t h e r i v e r s of . t h e 
mor ibund and t h e m a t u r e p a r t of t h e d e l t a a r e g e t t i n g 
c h o k e d u p and d e c a y i n g g r a d u a l l y w h i l e some of t h e m a j o r 
s t r e a m s of t h e l o w e r d e l t a i n t h e a c t i v e p a r t - a r e c h a n g i n g 
t h e i r c o u r s e r e p i d l y . I n t h e l o w e r o r c o a s t a l p a r t of t h e 
d e l t a t h e p r o c e s s of c h a n n e l s p l i t t i n g i s g o i n g on due t o 
t h e a c c r e t i o n and p r o g r e s s i o n of t h e new l a n d s , a t t h e 
m o u t h s of t h e r i v e r s . The d e l t a a b o u n d s i n c h a n n e l b a r s 
ox-bow l a k e S / c h a n n e l s c a r s and o t h e r d e p o s i t i o n a l f e a t u -
r e s i n t h e r e c e n t y e a r s . The t o t a l a r e a of huge b i l s o r 
m a r s h e s i s b e i n g r e d u c e d day by d a y . The w i d t h , f l o w and 
o v e r a l l a p p e a r a n c e of t h e r i v e r s of t h e d e l t a a r e d e c l i n i n g 
g r a d u a l l y . A l l t h e s e c h a n g e s a r e v i s i b l e when t h e maps of 
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different centuries are compared. 
In the Rennell-map of 17 80 the Padma is the main 
channel of the Ganges Which flows independently to the 
Bay of Bengal uniting with neither the Brahmaputra nor 
the Meghna. The meanders of the Ganges between Rajshahi 
and Goalundo are more pronounced in this map than they are 
in the maps of the Survey of India (1880) and the SPARRSC 
(197 9) . The average width of the main channel (Padma) 
of the Ganges obtains its maximum dimension in the Rennell-
map while the subsequent two maps record coaiparatively 
smaller width. However* togather with the joint water of 
the Brahmaputra and the Meghna rivers* the recent maps show 
a much wider estuarine mouth of the Ganges. In Rennell's 
map (1780) the Bhagirathi has been shown as a decaying 
distributary of the Ganges. The Rennell-map shows the 
Chandra* Jalangi* Comer* Boirub* Issamot (Ichamati)* Now-
Qonga as active distributaries. Among these active 
distributaries the Chundra* Harqanqa.of the north-eastarn 
delta and the Jabuna and Ballisor of the southern delta 
were dipicted as mighty navigable rivers. Moreover* 
Rennell recorded the existence of some important channels 
connecting the Hoogly river (i.e.* Chingri Canal etc.) 
with the other distributaries of the Ganges. In the 
subsequent maps of the next centuries (1880 and 197 9) 
these streams have almost disappeared from the delta face. 
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In the map of Rennell (1780), the surface of the 
land of the d e l t a i s shown much the same as i t i s today. 
The dimension of the swamps and marshes of the c e n t r a l 
d e l t a has/ however* reduced to a great ex ten t . In 
Rennel l ' s time the Jhea ls (shallow lakes) and marshes of 
the Ganges de l t a used to extend from t h e eas t of the 
Jubuna r i v e r in the d i s t r i c t of Khulna to eas t of the 
Greater Faridpur d i s t r i c t of Bangladesh. This l i ne 
of extensive j h e e l s extends from the nor th -eas te rn par t of 
the de l t a (from the former s t a t e of Bhoosnah) or south of 
t he d i s t r i c t of Faridpur and west of Bar isa l t o a south-
wester ly d i r ec t ion upto the s a l t - l a k e s and ;}heels of 
West Bengal (India) near Calcut ta c i t y (Fig. 12 ) . These 
low-laying depressions of the Ganges de l t a of 1780 cover 
a vas t area in the c e n t r a l par t of the de l t a of the Ganges 
in the map of Rennell and gains maximum extent in the mid-
eas te rn portion of the d e l t a . In the map of the Survey of 
India (1880), these Jhee ls or marshy lands are reduced in 
s ize and can be seen in the nor th -eas te rn par t of Khulna 
town, along the course of the Madhumati r iver* south of the 
d i s t r i c t of Faridpur and in some o the r places in Bar i sa l 
and Noakhali d i s t r i c t s of Bangladesh. But in the map of 
the SPARRSO (197 9) the swaraps are poorly loca l ized only 
in a place where the r ive r s Madhumati and Chi t ra meet 
togather in the d i s t r i c t of Far idpur . Thus a comparative 
l O u 
study of the maps of the l a s t two Gentr ies i n d i c a t e s a 
decaying posi t ion of the low-laying a reas in the Ganges 
d a l t a . In the recent maps* there i s no ex is tance of such 
marshy areas or j h e e l s around the c i t y of Ca l cu t t a . The 
main cause of t h i s decaying condit ion of the marshes of 
the de l t a i s t h a t i n the recent years these swamps are 
being f i l l e d up by both t hec r ive r ine and t i d a l sediments. 
At Rennel l ' s time the Chumi, a sp l i t - channe l of the 
Ichamati* used to meet the Bhagirathi as a t r i bu t a ry* But 
i n t h e map of SPARRSO (1979) one would find only the some 
abandoned channel scars along the former course of the 
Chumi« This stream of the Rennell-map has completely 
been dried up in the l a s t century . 
At the time of Rennell the Arialkhan-Tentul ia was 
the main o u t l e t of the Ganges water t o the sea. In 1880-
map the Ganges (Padma) extended fur ther eastward t o meet 
the Meghna near Chandpur and ins tead of flowing through 
the ArialKhan-Tentulia o u t l e t i t s t a r t e d flowing along the 
course of the Meghna. In the recent map of the SPARRSO 
(197 9) the course of the main channel of the Ganges of the 
Padma i s s t i l l flowing along with the course of the Meghna 
as a s ingle channel a f t e r the name of the Meghna to the 
Bay of Bengal. 
The exact reason of t h i s eastward sh i f t i ng of the 
main-channel of the Ganges i s not known. But i t appears 
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to be reasonable to correlate this shifting to the one 
distinct feature traceable to the Tertiary history of 
Bengal — a regional southeasterly slope of the Basin* 
caused* to some extent* by movements on the'hinge zone* 
located at the edge of the shelf (Fig. 5 ) • Besides* 
choking up of the Tentulia channel with the increasing 
number of sandbars and islands in the last century most 
probably had worked in this easterly shifting of the 
course of the main channel of the Ganges. The third 
probable reason of this shifting of the direction and 
the course of the Ganges along the delta is related to 
the- history of the earth quakes and floods of the 
Bengal Basin and the delta of the Ganges. 
Through the passage of the last centuries all 
the major and minor rivers of the delta have undergone 
significant changes. Among the major rivers of the 
delta the Bhairab* Jallanqi* Mathabhanqa* Madhumati» 
Kabadak* Ichhamati and the Arialkhan have shifted their 
courses noticiably in the last two centuries. The 
Bhagirathi, the western-most distributary of the Ganges 
has also been changing its course. Notewarthy changes can 
be seen at the off-take point of this river in the last 
centuries. At the time of Rennell's survey the off-take 
of the Bhagirathi was at Sooty in the north of Murshidabad 
district (India) . But in the recent maps the off-take 
of this stream has shifted approximately 35 km, horizontally 
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and 15 km. t r ansve r se ly . This sh i f t i ng of the off - take i s 
due to the meandering of the r i v e r . To-day (197 9) the 
Bhagirathi i s connected with the Ganges through one or 
more channels on the r igh t bank of the Ganges. In a l l the 
th ree maps (1780, 1880 and 1979), the of f - take of the 
Bhagirathi i s shown in three d i f f e r en t l o c a t i o n s . The 
h i s to ry of t h i s of f - take has been one of frequent change 
on account of i t s being s i tua ted on the shelving side of 
the curved flow of the parent r i v e r . In 1880 t h i s off - take 
was s i tua ted at Kaliganj while a t present (1979) i t i s a t 
Biswanthpur in the d i s t r i c t of Murshidabad. 
In the map of Rennell# the J a boon a (Jubunah) i s 
shown as an important channel. This r i v e r formed one of 
the t h r ee mouths of the Bhagirathi a t t ha t t ime. But in 
t he recent years i t i s high and dry a t i t s of f - take near 
Tr iben i . 
At the time of Rennel l ' s survey the r i v e r s of the 
western par t of the d e l t a used to flow in a south eas te ly 
d i rec t ion* e .g . / the Kumar (Comar)# Nabaganga, Chitra» 
Bhairab and Kabadak. But a t present the d i r e c t i o n i s 
changed to south-west as shown by the present courses 
(1979) of the Ja lang i and Mathabhanga. This change* most 
probably* i s due to the ordinary d e l t a i c ac t ion . The 
main channel of the Ganges (Padma) having a l so changed i t s 
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course from a southerly to an easterly direction* the 
central and lower portions of the delta 'were cut off from 
their head water supply* so that to-day none of the rivers 
between the Hoogly and Gorai obtain fresh water except 
through rainfall/ except the Kumar and Ichhamati» which 
tap the Mathabhanga water in the rainy season. 
Ihe Kobadak-Sibsah-Bhudira — these three rivers 
v/ere very active some two hundred years ago. Although these 
three major, rivers are shown on the maps of 1880 as being 
practically independent of one another they have in .the 
present time undergone great changes* so that it is not 
possible to seprate them conveniently* the waters of the 
one inter mingled with those of .:the others through cross-
connections. At present the central reaches below Tahirpore 
are very tortuous and do not receive adequate quantity 
of water and the river by now is drying up. The Harihar* 
another decaying channel of the Ganges delta had a link 
with the Kobadak in 1880-map. In the recent maps this 
channel exhibits a high and dry appearance. Rennelldid not 
mention this channel on his map. At present this channel 
consists of a few stagnant pools and a lean channel in the 
rainy season. 
In the Rennell-map the off-take of the Mathabhanga 
from the Ganges main channel was almost dry and in this 
map the channel is called as the Comer (Kumar)but on the 
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maps of the next two centuries* t h i s channel has improved 
a l i t t l e though has changed i t s course s i g n i f i c a n t l y . 
In the Rennell-map» the Chundna i s shown as a 
very tor tuous channel and i t j o i n s the Kumar a f t e r passing 
a considerable d i s tance towards south. The present 
course of the Kumar i s much the same as i t was in Rennel l ' s 
time and appears to have a l t e red l i t t l e . 
On the map of Rennell the Nawaqanga i s shown t o 
the south-east of Magura town and a t t h a t time t h i s r i v e r 
used t o obtain i t s head supply from the Mathabhanga and 
i s shown as joined with t h i s r i v e r . In the next two maps 
of 1880 and 197 9 the course and hydrological s i t u a t i o n 
of t h i s stream i s s ign i f i can t ly changed. 
Considerable changes have taken place in the 
r i v e r s lying between the Gorai and Mathabanqa in recent 
y e a r s . The older de l ta - s t reams such as the Nabaqanc?a» 
Ch i t r a , Kobadak and Bhairab have been replaced by newer 
r i v e r s cu t t ing across t h e i r beds# such as the Jalanqi# 
Mathabhanqa and Gorai-Madhumati« I t i s c l e a r t h a t the 
the Bhairab was connected throughout the l a s t two cen tu r i e s 
upto the Ganges as the upper reaches are s t i l l (1979) 
ac t ive but have been in te rcep ted by the J a l a n g i . 
1 
The spel l ings of the d i f f e ren t d e l t a - r i v e r s have been 
s p e l t in d i f f e r en t ways by the d i f f e r e n t map-ftiakers. 
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In the recent maps* the upper reaches of the Kumer i s 
shown as the Mathabhanqa which crossed the Nabaqanqa 
and Bhairab/ absorbing a portion of the l a t t e r r i v e r 
and a l so some of the reaches of the Ichhamati r iver* The 
hydrological condi t ion of the Gorai has considerably 
imporved since Renne l l ' s t ime . This change i s the out 
come of the merger of the Brahmaputra and the Ganges 
which created a dartning effect upon the decaying Gorai 
in the l a s t century . The lower reaches of the Barassi 
appear from Rennel l ' s map (1780) to have followed 
almost the same course as the Madhumati does now (1979) . 
I t continues to the sea through the B a l l i s s u r and 
Haringhatta e s tua ry . 
Beside the changes in these main channels of the 
d e l t a s ign i f i can t changes have taken place in the creeks 
and estuaries of the coas ta l areas of the d e l t a . In the 
Rennell-map most of the es tuar ine channels were compara-
t i v e l y wider and open. For example* on the map of the 
Survey of India (1880) the mouth of the Haringhatta i s 
depicted fu l l of es tuar ine sandbars where as a t Renne l l ' s 
time t h i s mouth was completely open. In the recent map 
of 1979 (SPARRSO) t h i s es tuar ine channel can again be 
seen c l e a r and comparatively wider. Another noteworthy 
fea ture of the changes in the streams of the coas t a l par t 
l O S 
of the delta is that in the recent maps the number of 
streams have been increasing with the passage of time 
while the average width of the channels is being reduced 
in the recent times. 
Another noteworthy feature in the changing maps 
of the delta is the presence of scarmarks of the decaying 
channels in the north-western part of the delta in the 
recent map of 1979. In the Rennell-map or in .the map of 
the Survey of India (1880) these scars or ox-bow. lakes# 
in fact which are the remnants of the past rivers* are not 
shown. The presence of such features indicates that in 
the recent period significant changes in the hydrological 
condition of the northern section of the delta has taken 
place and as a result of this change the total drainage 
system of the delta is being affected. 
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CHAPTER - VI 
C O N C L U S I O N 
The delta of the Ganges, the largest but not 
well-knownnin the world, deserves much attention.-for its 
various significant characteristics. Millions of people 
inhabit the delta which is considered as one of the 
World's most populous regions. Agriculture is the 
mainstay of most of the people of the delta. In the 
development of agriculture, communication, and commerce 
of the region the delta-rivers play vital role. Numerous 
distributaries of the Ganges have been serving the whole 
delta as life-saving arterial-system of the region. In 
one sense, these channels can be attributed as the very 
basis of the Ganges delta. 
The Ganges delta, which is situated in the 
Bengal Basin, owes its existence significantly to the 
other streams of the region. Besides, the role of the 
Bay of Bengal, which washes the southern coast of the 
delta, is not less significant in the evolution of the 
delta. If the geo-tectonic situation of the deltaic 
region of the Ganges and its surrounding areas ii con-
sidered, it becomes evident that along with the fluvial 
and maritime influences the tectonic and geological 
factors have also influenced the various geomorphological 
processes in the Ganges delta. Above all, the recent 
population explosion and its resultant human Interference 
I l l 
in the deltaic region have led to some obvious influence 
on the morphological and hydrological changes in the 
delta. 
The findings of the present study reveal some 
fluvio-moiTphological aspects of the Ganges delta. The 
study of the general physiographic condition of the 
delta Indicates that there are three distinct physiogra-
phic regions or sub-sections of the delta. These are : 
Moribund or the dead delta; Mature delta and the Active 
delta. In each ofie of these phygrographic sections of 
the delta three varied morphological and hydrological 
situations prevail. The processes of erosion, deposition 
and the mode of fluvial transportation along with the 
resultant morphological features in the Ganges delta 
exhibit varied and distinct characteristics in each of 
these three physiographic sections of the delta. 
The findings of the present study indicate 
that the rivers of the northern and north-eastern 
regions of the delta (Moribund) are becoming defunct 
and a sta^e of stagnation in the silting process and 
the flow of water can be observed in these areas. Many 
of the channels of the Ganges which led to the formation 
of this part of the delta :today have much less flow of 
water and sediments. The exact cause of this decay of 
the delta are under Investigation. One of the causes 
that is attributed to lesser quantity of flow of water 
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is tectonic in the area. A slow uplift of the area 
however definite cause cannot be assigned. The streams 
of the central part of the delta are partially active 
and the coastal channels are under the marine influence, 
In the southern or coastal part of the delta, both the 
marine and the fluvial processes of land formation are 
active. Due to the higher rate of sedimentation the 
southward progression of the delta is going on. However, 
this progression of land towards south is noticeable in 
the south-eastern part of the delta, 
The results of the present study further reveal 
that the various major and minor streams of the delta 
along with the main channel of the Ganges (Padaa) have 
experienced significant changes in their courses during 
the last two hundred years. The findings of the study 
indicate the unstable and ever-changing nature of the 
delta-rivers, too. The existing land form of the delta 
and its changing morphology is not the outcome of a 
single morphogenic process—rather these changes are 
due to the combined actions of a set of environmental 
and tectonic situations of the region. 
The major findings of the present study can be 
stated as follow : 
i) The main channel of the Ganges (Padma) is very 
unstable and keeps on changing its course. In the 
last two hundred years along with the main-channel 
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of the Ganges almost all of the major and minor 
rivers of the delta have experienced significant 
changes in their courses, 
ii) During the last two hundred years, significant 
changes have occurred in the various morphologic al 
features of the delta. Among these, the changes 
in the shape, size and location of the delta 
and its rivers, shrinking up of the swamps or 
;!heels and the changing coastline of the delta 
needs to be mentioned. 
iii) The process of delta-building (accretion) in the 
Bay of Bengal is still continuing and the rate 
of accretion is higher and faster in the eastern 
coast of the delta than the western coast. 
The findings of the present study has nullified 
the ideas of a*static coastline' and 'stagnant delta-
building process' in the Ganges delta (Chapter-II). 
Moreover, the present study has disproved the idea that 
in the western coast of the Ganges delta the process of 
delta-formation was more active than that in the eastern 
coast. The present study clearly indecates that in the 
recent years significant progression or accretion of 
land is taking place in the eastern coast of the delta* 
particularly at the mouth of the Mighma-Padma. Since 
Rennell's survey the western coast line of the delta has 
been showing a rather static position. The decaying 
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fluvial charasteristlcs of the western portion of the 
delta and the peculier topographic condition of the 
continental shelf of the western coast in the form of a 
marine canyon of the North Bay of Bengal known as the 
"Swatch of No Ground" is responsible for this stagration 
of the delta building process in the western Ganges delta. 
Moreover the continous flow of the oceanic currents of 
the north-western Bay of Bengal are effectively hampering 
the sedimentation in the western coast of the Ganges delta. 
As a result of these maritime influences the progression 
of delta in this part is almost static. 
This study further shows some fluvial and morpho-
logical problems of the Ganges delta. Among these, the 
problon of drying up of the delta rivers comes first. 
The second problem of the delta incorporates the ever 
changing nature of the delta-rivers, especially their 
continuous shifting of the courses. Thirdly, water 
logging and poor drainage situation lof the central delta 
and increasing salinity intrusion in the coastal part of 
delta. All these morphological problems of the delta 
are adversely affecting agriculture and communication of 
the region. The excessive intrusion of salinity in the 
southern portion of the delta is causing destruction to 
the world famous mangrove forest "Sundarbans" of the delta 
and as a result the deforestation has created an ecological 
imbalance in the region. Another noteworthy problem of 
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the delta of the Ganges is the rapid Increase of Its 
htunan population. Due to an Increase In population In 
the delta the scope of human interference in the morpho-
logical changes in the de Ita has increased. The un-
controlled accretion and of fiew lands and the unchecked 
erosion in the old and new lands in the eastern coastal 
areas of the delta—particularly in the off-shore islands 
in this part of the delta, is another major morphological 
problen of the Ganges delta. Significant portions of the 
Islands o f Hatia and Sandwip of the delta have been 
eroded during the last two centuries. Shifting of the 
river courses, influence of the tides and sea-currents 
and effect of human interference in the deltaic coast 
are responsible for the erosion. Tropical cyclones, 
tidal bores, floods, natural hazards of other types invade 
the coastal portion of the delta frequently and cause 
tremendous destruction to the deltaic environments. These 
natural phenomena work to accelerate the processes of 
morphological changes in the delta. All these human and 
natural factors have been working adversely to the 
morphological developnent and formation of land in the 
Ganges delta and can be considered as some of the 
major problems of the region. 
Through the present study it is learnt tl^t 
almost all the recent research work and studies on the 
environmental or morphological aspects of the d elta have 
been done on the basis of micro-level studies of either 
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the regional or topical approaches. For Instance, such 
work Incorporates the micro-level study of some of the 
morphological aspects of any single river or small 
physiographic unit of the delta. 
Still to-date no significant elaborate and indepth 
morphological study of the whole Ganges delta has been 
albuptised-arid a scientific and empirical fluvio-morpho-
logical study of the dalt a is yet to be made. Since 
the various morphological problems of the delta are 
very complex and interrelated—^no separate study can 
claim to be useful enough to solve these problems 
independently. For a successful and appropriate study 
of the morphological and environmental development of 
the Ganges delta an integrated and indepth study, 
considering the past and present invironmental a nd 
morphological aspects of the delta,should be conducted. 
In such study the palaeo-geomorphology and the climato-
geomorphological aspects should be given priority. In 
the future researches, the tectonic and geological 
history of the region needs to be studied critically. 
The study of satellite imageries can be of great help 
in such wo<Bk. Such imageries can be helpful to identify 
the ancient courses of the extinct streams of the region. 
For geoch ronological investigations of the deltaic 
region the t echniques of Pollen analysis and the Radio-
activity analysis can be successfully applied, 
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As the delta of the Ganges Is politically dlvid44 
between India and Bangladesh—any developmen t, planning 
or research project should include experts and scientists 
from both the countries. As the delta is situated in 
aasingle and undivided geological and environmental 
setting, any study aiming at the investigation of its 
morphological aspects in fragmentary forms would not 
be fruitful. Only an integrated and joint research 
initiative taken by the experts of the both the countries 
can achieve the desired result. In the scope of such 
joint study all the fluvial, coastal, climatological and 
other environmental processes should be included. 
The delta of the Ganges presents a vast scope for 
study and research. Especially, there exists an acute 
research gap in the fluvio-morphological studies 6f the 
delta. Rivers are the life-stream for the huge population 
of the reg4;on. Now a days these rivers of the delta have 
been facing serious morphological problems. For the sake 
of this vast agrarian population of the delta and in 
order to maintain the ecological balance in the deltaic 
environment the flow of water in the delta-rivers should 
be kept alive. For this purpose, studies on the fluvial 
morphology of the delta and its rivers should be under-
taken.-
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